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Title cf UftDtian 

STITCH AND SELECT IMPLEMENTATION IN TWIN MONOS ARRAY 

Wb a t is claimed i < : 



1 . A method of stitching three resistive layers in a MONOS memory array to three 
conductive layers comprising: : 

. providing a MONOS memory array having said three resistive layers wherein said 
three resistive layers are vertically stacked as a bottom, middle, and top resistive layer and 
wherein said«bottom and middle resistive layersTun in parallel to each other and wherein Cl| 

rr 

said top resistive layer runs orthogonally to said bottom and middle resistive layers; and ^* 
periodically contacting each of said resistive layers by a respective upper — ^ 

• . o 

conductive layer wherein said contacting is said stitching wherein said contacting 
comprises: 

periodically connecting said middle resistive layer to a bottom conductive 
layer overlying said top resistive layer; 

cutting said middle resistive layer to expose said bottom resistive layer; 
V ' Y. : building a cbritact/via stack 

■ ^conductive iay er ; . * --s-^ ^ ,v. «*. 

connecting cut ends of said middle resistive layer by contacting said ends of 
said middle resistive layer to a middle conductive layer wherein said middle conductive 
layer overlies said bottom conductive layer and underlies said top conductive layer and 
wherein said middle conductive layer loops around said contact/via stack; and 

connecting said top resistive layer to said middle conductive layer. 

2. The method according to Claim 1 wherein said stitching is done on alternate sets of 
resistive lines. 

3. The method according to Claim 1 wherein said bottom and middle resistive lines are a 
, bitjine and a jcontroj.gate line.and wherein said top resistiyejine is.a word gate.line. . 
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4. The method; according to Claim 1 wherein said bottom and middle resistive lines are a 
word line and a control. gate line and wherein said.top resistive line is ajbiMine. . 

5. The method according ,to Claim, 1 wherein said stitching method] reduces resistance of 
saidrMONOS memory array. 

.6. The method according to Claim 1 wherein said stitching* method is performed wrtfirh a 
• cell. size limited^by a minimum mfetal pitch. \ . ' , 4 ? ..... . 

^ 7. A method of stitching three resistive layers in a MOIMOS memory array to three 

c^ductiv^ayer^icomprising;. .« . », : } 

. -> i fproyidinglaiMQNDS memo 
three resistive layers<are vertically stacked as a bottom, middle, ana tpp^f^istivie ja^efrahd* 
wherein said bottom and middle resistive layers run in parajlej tp, each (Other, and, wherein 
said top r^sistive^layer runs^orthogonally td^saidhbottonicand middle resistive layers; and 

periodically contacting each of said resistive layers by a respective upper 
^conductive layer wherein said contacting^ said^stitchihg? wherein: said^ 
comprises: v. v .,. v /■*•: r -\ V . ■„ 

cutting said middle resistive layer totexpose'said bottom resistive layer; 
building a contact/via stack from saicftexposed bottom resistive layer to $*t§& 
conductive layer; . • % . : c 
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connecting cut ends of said middle resistive layer by contacting said ends of 
said middle resistive layer to said bottom conductive layer wherein said bottom conductive 
layer loops around said contact/via stack; and 

connecting said middle resistive layer to a middle conductive layer wherein 
said middle conductive layer overlies said bottom conductive layer and underlies said top 
conductive layer, 

8. The method according to Claim 7 wherein said stitching is done ori alternate sets of 
resistive lines. 

9. The method according to Claim 7 wherein said bottom, and middle resistive' tines are a 
bit line and a control gate* line and wherein said top resistive lirie isya word gate line. 

r 1 0: The 'method accortiing f to Claim 7 wherein said bottorri arid<middle resistive lines are a 
word line and a control gate line and wherein said top resistive line is a bit line.' ; 

1 1 .The method accdrding to Claim 7 wherein said stitching method reduces resistance of 
said MONOS memory array. 

12/The method according to.Claim.7 wherein said stitch 
.cell size limited ; by a minimum: metal pitch; >'•- ? »v « ;. lV : 

13. A method of stitching resistive layers in a MONOS memory array/comprising: 

providing a plurality of memory cells in a MONOS memory array wherein each 
memory cell comprises: 

a storage cell on either side of a word gate; 
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a bit diffusion junction underlying each of,said storage cells wherein each of 
said bit diffusion junctions is shared with an adjacent storage cell of an adjacent memory 
cell; and 

a control gate^ 

underlying, said bit diffusion junctions wherein, said control' gatgs-iapd said i bit diffusion 
junctions run in parallel and wherein said word gates run orthogonally to said control gates 
and said ibit diffusion junctions;; : s . , , .....■■j;-: 

. ; wherein word^gatesMn sajd array, form wo^ 
form contrpl gate lihes.farigf^^ 
>l periodically cgnnectingjsaid control gate lines tjpa bottom conductrveslayeG 

: overlying said word Fgate Jin es;- v : v' v:- ■ . / 

"' Cutting said;controhgatelines tp: : exppse-'SBuarb|t*lines;. :• • • ;■ ■ 

rr -^i hbuildingia^contactAna stac 

connecting cut ends of said contrpl gate lines by contacting said ends of said 
cbntrol gate lines to a middle- conductive la^ 

overlies said bdttomcbnductivelayer and underlies said top conductive layer and wherein 
said middlefcoi^uctive^layer loops around saijd cdhtacVviaistack; : ahd- *- 
connecting said word gate lines to; said middle conductive/layer 

: z-\- . . A ^ 1 4*; The m saidrstitchirig is"d6ne';6n 'alternate sets of - ^ • . .* - ..V :>wj 

control gate (ihes^bit- lines, ahdVword lines: ' • j ^ 



y 



15. Tihe method accprdinpp Claim 13 wherein said stitching method 5 reduces resistance of 
'said MONOS memory array: ^ : i . i * • v - 
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16: The method according to Claim 13 wherein said stitching method is performed, within a 
cell size limited by a minimum metal pitch. 

17. A method of stitching resistive layers in a MONOS memory array comprising: 

providing a- plurality of memory cells in a MONOS memory array wherein each 
memory cell comprises: . >: * 

a storage cell on either side of a word gate; * 
. . a b'rt;diffusion junction underlying each of said storage cells wherein each of 
said, bit diffusion junctions is shared with an adjacent storage cell of an adjacent memory 
cell; and tt ;'■ • ..♦£■ v^- v ■•..•*.■/ * 

a control gate overlying each of said storage :cejls electrically isolated from 
underlying said bit diffusion junctions, wherein saidtcontrol gates cand said' bit diffusion 
junctions run in parallel and wherein said word^gatesruhorthogonally .to said control gates 
and said bit diffusion junctions; t ;< . . 

. . wherein word gates: in. said array. from word lines, said. control gates in said array 
form control gate lines, and said bit diffusion junctions ia said array form bit lines; 

periodically connecting said control gate lines to a middle conductive layer overlying 
said word gate. lines; -.:/r, :, 

^cutting said control gate lines^o expose said bit -lines; • /^w^pt&^v&x K^^^^e&^mi^iAr. 

wherein said top conductive layer overlies said middle conductive layer; .. ; 

connecting cut ends of said control gate lines by contacting said ends of said 
. control, gate lines to a bottom conductive layer wherein said L bottom conductive layer 
underlies said middle conductive layer and wherein said bottom conducive layer loops 
around said contact/via stack; and 

connecting said word gate lines to said bottom conductive layer. 
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18, The method according to Claim 17 wherein said stitching is done on alternate sets of 
control gate lines and bit lines. 

1®. The methgd t> according to, Claim 17/wherem said stitching, m^hod- reduces resistance of 
said MONOS memory array, .. 

2Qi The mpmo^d.acQbrding 4p, £laim? 1 7 wherein sai^^itcbing i m§thg v d/,is performed within a* 
cellsizfe limited by a minimum mfetal pitch. . , 

21 . A^methpd of ^itchingt r^sistty^e Jayers in a MOjsijQS menibfy array comprising: 

. proyiding.a pluraltty^of memory. cells in a MONjOS* memoiyjarray^ wherein each 
memory cell comprises: . . :: 

ast&rage ofell oh 'either sidej 5f a word gate; 
. j i - . a bNrffusjpn junction underlying each ;pf ^idjStoragerCells wherein each of 

said bit diffusion junctions is shared with an adjacent storage cfclj of an adjacent memory 
cell; and 

v . r ,. r . a control , gat 
underlying said bit diffusion junctions wherein said control .gates and.said bit ^diffusion 
juiictiqns:run 

wherein worjd;gates in said array frprn word, lines, said^ntrol^atesjn said array 
form control gate lines, and said .bit diffusion junctions in said array form bit lines; 

periodically cpntacting, each of sad word lines, control gate lines, and.:bit lines by a 
respective upper conductive; layer wherein said contacting; is said stjtching;wherein.said 
contacting comprises: . 
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periodically connecting said control gate lines to a middle conductive layer 
overlying said word gate lines; 

cutting said control gate lines to expose said bit lines; 

building a contact/via stack from said exposed bit lines to a top conductive 
layer wherein said top conductive layer overlies said middle conductive layer; 

connecting cut ends of said control gate lines by contacting said ends of 
' said control gate lines to a bottom conductive layer wherein said bottom conductive layer 
underlies said middle conductive layer arid wherein said bottom conductive layer loops 
around said contact/via stack; and 

connecting said word gate lines to said bottom conductive layer.; and 
adding select trah^istdrsintb areas of said stitching between sub-arrays of said 
MONOS memory cells. r 

22. The method according to Claim 21 wherein said stitching is done on alternate sets of 
control gate lines and bit lines; 

23. The method accbrding to Clainv21 wh'ereiri said stitching method reduces resistance of 
sarti^ 

cell size limited by a minimUmmetal pitch. 

25. The method according to Claim 21 wherein said step of adding select transistors into 
ateas of skid Pitching between sub-arrays of said MONOS memory tielis comprises: 

extending alternate said bit diffusions past an edge of said control dates prior to 
formation of said control gates; and 
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forming bit, line selecMransistors alternately with saijj^extended/bit diffusions on 
either side of each of said subran^ays and horizontally across said extended «bit diffusions; 
and * t : 

connecting unextended bit diffusions to said bit lines «by contact stacks to said 
middle, conductive^layer. 

26. The method according to Claim 21 wherein said? step pf adding select transistors intq) 
areas of said stitching ^between sub^arraysibf said MOf^JOS memory cells comprises: 

f drmih§»pairs'{3f control i^ate 1 s'etect transistors- bj§tw#efi said^sub J arrpys; and 
) • foifhing^cpntrdl £ate wntacts^pver shallow trghcti teblatifrri a>eks'WherBih^center 

control gate contacts lie between two control gate select trahyi^prs^of a'p^ir andwherei™ 
outer oontrol gate contacts lie on outer sides of e^chpf s^^Ni'liivh^fdih' sSiaJoeiiter 
control gate contacts are cpnne^^d said 1 ^htr$*g|l^ tpfS'Cdriductive lin^ 

and vi/herein saifrbuter control g^ control gateW 6f a Weariest said sti&array. - 

27. The method according/to Claim 1 wherein each of said stitf-arifay 'central ;'gat£s is 
connected by said bottom coriducti wlayer to a s^urce^diffusipn rbf said control gate select 
transistor. ' ' , ; : - — 

j 28. The method according to Claim 21 wherein eacK of sad sub-array cpntrbl^gates is 

extendedito a sourcfe diffusion of a cbrresjponding said cbntrpj,gate setect transistor 
thereBy directly connecting Mch of said control gates to a c^rrWpbnding bontroi gate 
select transistor source diffusion. 
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29. The method according to Claim 26 wherein said control gate select transistors are 
chosen from the group consisting of: an N-channel device in an isolated P-well,and a P- 
channel device in an independent N-welL 

30. The method according to Claim 26 wherein said pairs of control gate select transistors 
run in parallel with said word lines and perpendicular to said bit lines and said control gate 
lines. ■ , : .\ .. \ . .-, r 

31 i The method according to Claim 21 wherein said step of adding, select transistors into 
areas .of said stitching between sufcharrays of said MONOS memory cells comprises: 

. . t extending alternate sa\d bit diffusions past an.edge of said control, gatesprior to 
formation of said control gates; . . : ■ t> ' ... , ./ :f , ; 

. forming .bit line select transistors alternately with said extended bitdiffusiqns on 
either .side of each of >said^ sub-arrays and horizontally across said extended bit diffusions; 

connecting unextended bit diffusions to said bit lines by contact stacks to said 
middle conductive layer; 

forming pairs of control gate select transistors out of phase with and between two of 
said bit line select transistors inside two edges of two said sub-anays; and 
^.^^^ over* shallow trenchN 

Control; gate -contacts lie*between two cohtroUgate select transistors of 

v. . • '.u* , '»*.;■• *: :*• "f ,; ' '. :*. ! ; .■•"'j f>. n »■ * .> '% "»*l;.:Wv. :*^i.-r-'*-* £ ; 

outer control gate contacts lie on outer sides of each. of said, pairs, wherein said center 

control gate contacts are connected to said control gate lines by said top conductive layer 

" ■ ' ' • «.f v : ;•: • «- *v ■• * ■-::*. .. y * v* : * . *' 

and wherein said outer control gates contact control gates of a nearest said sub-array. 
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32. The method according to Claim 31, wherein each of said sub-array controhgates is 
.connected by one of said bottom conductive layer to a source diffusion of said* control gate 
select transistor. ... 

33. The-methpid^ 31 whefein^ach fi( ^^id.subeai:ray cpatrol gates is 
^extended tpa source diffusion of a corresponding | said odntrpl <gate ^j9j&ct transistor 
thereby ,direct!yccpnnecting x each of. said tfpntrbl^tes^ 

jselect transistor^ source 'diffusion. v , 

^ 3jk Thernethp^ 

chosen frpfn the grpup^nsistj^ P~ 
channel device in an independent N-well. 

■ • . . . 35. Thecmethpd according to Claim 31^ wherein said pairs of?<x>ntrol gate-select transistors 
run in parallel with said word lines and perpendicular to said ibit lines and. said control gate 
lines. 

.362 A method of stitching resistive layers in at MQNPS memory array comprising:. 

r?" «jr*r, • ■ memory-cell. cbmprisesvW v , > -v.:^>^v "v,^-. • .•*n^-.^-:.p->^-: ; • , * i 

a storage cell on either side of & wbrd^gate; 
a -bit&jjffusjo^ 

said bit diffusion junctions is shared with an adjacent storage cell iof an adjacenknfemory 
cell; and 

m - ■•, a control *gate\overlying each pf sakJ^stpi^'ge cells electrically isolated from 
underlying said bit diffusion junctions wherein said;Cpntrol ; jgates and said word gates run in 
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parallel and wherein said bit diffusion junctions run orthogonally to said control gates and 
said word gates; 

wherein word gates in said array form word lines, said control gates in said array 
form control gate lines, and said bit diffusion junctions in said array form bit lines; 

\ periodically connecting said bit lines to a bottom conductive layer overlying said 
word gate lines; ' . 

periodically connecting said control gate lines to a middle conductive layer; 

building a contact/via stack from said word gate lines to a top conductive layer 
overlying said middle conductive layer; and 

contacting said control gate lines to a bottom conductive layer wherein said bottom ^ 
conductive layer underlies said middle conductive layer and loops around said contact/via 
stack. ■ - l • , * > i 

37. The method according to Claim 36 wherein said stitching is done dh alternate sets of 
cohtrol gate lines and word line^; 

38. The method according to Claim 36 wherein said middle conductive line and said top 
conductive line are shifted by half a metal pitch, wherein said' middle conductive layer also 

4i : V v • - gate line and on alternate sets otwofd lines: . «\ ^v-- ' 

39. The method according to Claim 36 wherein said stitching method reduces resistance of 
said MONOS memory array. ■ 

40. The method according to Claim 36 wherein said stitching method is performed within a 
cell' size limited by a minimum metal pitch. 
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41 . A stitched MONOS memory array comprising; 

three resistive layers wherein said three resistive layers are vertically stacked as a 
.bottom, middle, and top resistive layer and wherein said bottomland middle resistive layers 
run in parallel to each other .and* wherein said top resistive layer runs orthogonally t$> said*" 
fbpttom and middle resistive, layers; and 

stitchesipertodically contacting each of said resistive layers to a respective upper 
conductive layer wherein said stitches comprise: 

connections from. said, middle, resistive layer4^a^bottom conductive layer 
overlying, said top resistive layer; * ; 
^ . cpntacWia^acksfro^ 

a middle conductive layer connecting^cut^ds; of ^sai&mjddle; resistive layer 
Wherein said middle conductive layer overlies said bpttom cpnductiyevlayer and underlies* 
said top conductive layer arid whei^in said middjeiCpn^jLjctiye; layer il^ps^puridf said? 
contact/via stacks^ and . ^ v . - . 

connections from said top resistive layer to said muddle, cpqd,uctive layer. 

42\ The memory array accordjng^tp Claim 41 wherein sajd stitches are located on 
^alternate sets of resistive rlin.es. ^ . • 

.m-^v - , - -v -^« y: 43.*Themiem 

lines are a bit line and a control gate line and wherein saicMgp resistive line is a word gate 
line. 

44. The memory array according to Claim 41 wherein said bottom: and middle resistive 
lines are a word line and a control gate line and wherein said top resistive line is a bit line. 
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45. The memory array according to Claim 41* wherein said stitches reduce resistance of 
said MONOS memory array. 

46. The memory array according to Claim 41 wherein said stitches lie within a cell size 
limited by a minimum metal pitch. 

47. A stitched MONOS memory array comprising: 

j ■ '• three'resistive layers wherein said three'resistive layers'are vertically stacked as a 
bottom, middle, and top resistive layer and wherein said bottom and middle^resistive layers 
' run in parallel toeach' other and wherein said top resistive' layer ^ 
bottom t and middle' resistive lay€fr$; arid ' ' 3 * 
-vrw- stitches periodically contacting each of s^d r^istive layers 1 by a respective upper 
^ oonduc^iVe'tlayer-v^ereih' said stitcH^s'-cdmpnbe:'^' v 1 ' . - : - > W 

connections from said top resistive layer to a bottom conductive layer 
v r overlying said top resistive layer; : ; *: ^ < 

contact/via stacks from said bottom resistive layer to a top conductive layer; 
a bottom conductive layer conn 
wherein said bottom conductive layer loops around said contact/via [ stacks; and ■> 

• ksJ -v.- -.. ;v ■ 'whereih^id'middle^co 

- : ' said top conductive layer; - - .* — -\ J *■ 

48. The memory array according to Claim 47 wherein said stitches lie on alternate sets of 
' ; resistive lines. ' • * ' y "• ; « r ■• 
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49. The memory array according to Claim 47 wherein said bottom and middle resistive 
lines are a bit line and a control gate line and wherein said top resjstive line is a word gate 
line. 

'50, The memory array according to Claim 47 wherein s|ijd ; r toJtom<and|middle resistive* 
lines are a word line and a control gate line and wherein. said f top resistive line is a bit liriifc 

51 . The-memory array .according tp Claim 47 wherein said: stitches. reduce, resistance of 
said MQNOS memory array. 

■ } • •■ • . - ,. • • .• ,- • 

52. The memory array according, to .Claim u'A7 wherein said stitches lie within a cell size> 
limitedjby a minimum metal pitch; 

53. A stitched MQNOSh memory array comprising:* 

a plurality of memory cells in a MOIMOS memory array wherein each memory cell 
comprises: *v < , , ..-v. ... 

. a storage, cell pn either side i of a word -gate;, ,*r 

- . a bit diffusion junjrtion underlyingi.each of saidAStprage gells wherein each of 

, :v. .. -a control g^te; < pvedyin^^|ich;of said, storage c©lls?el^tric^ly}i.^latied from 
underlying said bit (diffusion junctions wherein said control /gates? and* s^ 
junctions run in parallel and wherein said word gates run orthogonally. tp v said cjpntrokgates 
and.saidibit diffusion junctions) 

wherein wo rdd gates in sajd array form wordjines, said. control . gates in said-array 
;form control gate lines, and .said bit.diffusipn junctions in said array form bit lines; 



» §8 2002-35334 6 (P2002-353346A) 



(38) 

connections from said control gate lines to a bottom conductive layer overlying said 
word gate lines; 

contact/via stacks from said bit lines to a top conductive layer; 

a middle conductive layer connecting cut ends of said control gate lines wherein 
said middle conductive layer overlies said bottom conductive layer and underlies said top 
conductive layer and wherein said middle conductive layer loops around said contact/via 
stacks; and 

connections from said word gate lines to said middle conductive layer. 

54. The memory array according to Claim 53 wherein said connections lie on alternate ^ 
sets of control gate lines, bit lines, and' word lines. ' 

55. A stitched MONOS memory array comprising: 

a plurality of memory cells in a MONOS memory array Wherein each memory cell 
• comprises: ' '**.' . •••:•*■■•... 

a storage cell on either side of a word gate; • ■ ■ * 

a bit diffusiorfjunction underlying each of said storage cells wherein each of. 
said bit diffusion junctions is shafed'With ah adjacenttstoragS cell of an adjacent memory 

v^'v -.t > , • •>■. y* -.aLcontroligate:.ovei1yihg'each of said storage cells eiectrically isolated from % : - ^wlv* 

underlying' said bit diffusion junctions wherein said control gates and said bit diffusion 
junctions run in parallel and; wherein said-word gates run orthogonally to said control gates 
and said bit diffusion junctions; > : - 

wherein word gates in said array from word lines, said control gates in said array 
form control gate lines, and said bit diffusion junctions in said array form bit lines; 

connections from said control gate lines to a middle conductive layer overlying said 
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word gate lines; . 

contact/via stacks from said bit lines to a top conductive.ilayer wherein Sjaid top 
conductive layer overlies said micldle;conductive layer;; 

a bottbm conductive; layer cpnnecting.cut ends^otsaidicontrol gaite linestwhereih- 
asaid^bottom conductive layer underlies; said middle cron'dutflvejayer and wherein said 
ibqttdm conductive layer. loops arpund said contafct/via?stacks;«and* 

conhectipnsifrom said vvprdi^areMines to^saicjitwottom conductive layer, v . 
• • . ■ . « • ■■»••...;■..:■■ : 

'56* The memory.arraycaccprdih^to Glairh 55 wherein saiid^nnectipns lie «on alternate- 
^ sets.qf control gate lines and bit lines, c'!:;nv; h - 

a pfuralityof memory cells in a MQNOS'mem^ 
comprises: 

r 1 v> a storage-cell Jbn Either side^bf : a word ''gate; ,! 

1 a bit diffusion junction underlying; each of said stp^ 
■'■ said<bit'diffusiotfjunct^ memory 

J Celi^arid ,I,: '' fi '* : • 1 '-rrO v3?»?5iO.M*i.Kl ' . ."Y:.iin*- f »-i.-i i" fv.-;.'. iM'tir-* 

' • ^\ ..underlying sad bit diffusion Junctions wherein said contr^ 

functions run in parallel and wherein said word gates run orthogonally to saidicontrol gates* 
♦ i anfrsaW^ ' ' - • : rr -•*"» ■■v' 

wherein 5 wp rcl gates *iri said array from word lihl^i said 7 cbritrbl gates jn said array 
- * ; ^fprffi dontrolgate liries^and 'said bit diffusion junctions in saiS arrfiy fonrPfsjjt lines; 
v*-.-- >!<*, - s stitches ; periodicailyiro^ bit 
: lines 'by a'respTCtiVe upp'e^ said contacting comprises: 
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connections from said control gate lines to a middle conductive layer 
overlying said word gate lines; 

contact/via stacks from said bit lines to a top conductive layer wherein said 

» 

top conductive layer overlies said middle conductive layer; 

. i- a bottom conductive layer connecting cut fends of said control gate lines 

wherein said bottom conductive layer underlies said middle conductive layer and wherein 
said-bottom conductive layer loops around said contact/via stacks; and 

connections from said word gate lines to said bottom conductive layer.; and 
select transistors in areas of said stitching between sub-arrays of said MONOS 
memory cells. , v . . r ) 

58. The memory array according to Claim 57 wherein said stitches lie on alternate sets of 
control gate lines' and--bit lines. \ 

59. The memory array according to Claim 57 wherein said select transistors comprise: 
* extensions of alternate said bit diffusions past an edge of said control gates; 

...... bit line select transistors placed alternately w[th said ; extended bit diffusions on 

either side of each of said sub-arrays and horizontally across, said extended >bit diffusions 

60. The memory array according to Claim 57 wherein said select transistors comprise: . 

pairs of controLgate^el^ 
. , . control gate contacts over shallow trench isolation areas wherein center, control 
. . gate contacts lie between two control gate select transistors of a pair and wherein outer 
control gate contacts He on outer sides of each of said pairs, wherein said center control 
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gate contacts are connected to sajd control .gate, lines by said top conductive layer, and 
wherein said outers control, gates contact control gates^of arnearest said* sub-array. 

'61 . The memory array according to Claim 60 wherein'each of saidLsufearray cpntrQ^gates 
is connected iby sajdibottom conductive layer tp>a source diffusion iof said control 'gate 
select transistor. 

62. The memory array according to Claim 60 wherein each of said sufearray control igates 
istexteT^^ 

) thereby di rectly cphnecti ngveach ' of : said- contrpKgates tote cor r^pc^dirig^htrol gate 

select transistor source diffusion. 

'63: The ^ saidxbhtrblfg^ transistors' 

^are'bhpseMrom;Vh^ 'group^oorisisting off kri N-chanftel tfieviceltfah 'l^lated ; P-"well, and a* 
' , P-chanhW ? SeVic#in'"art iri'd^&hdent'N-w&N. ' " 

64. The memory array according to Claim 60 wherein said pairs of control gate select' 
transistors run in parallel with said word lines and perpendicular td. saicl^btt lines and saidr 



65. The memory array apcprding.to Claim 57 wherein saicl. select transistors comprise: 
extensions of alternate said bit diffusions past an edge pf said control agates; 
bit line select transistors placed alternately with said extended bit diffusions 'on 

either side of each of said sub-arrays and horizontally across said extended bit diffusions 

wherein unextended said bit diffusions are connected to said bit lines by contact stacks to 

said middle conductive layer; 
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pairs of control gate select transistors placed out of phase with and between two of 
said bit line select transistors inside two edges of two said sub-arrays; and 

control gate contacts over shallow trench isolation areas-wherein center control 
gate contacts lie between two control gate select transistors of a pair and wherein outer 
control gate contacts lie on outer sides of each of said pairs,: wherein said center control 
gate contacts are connected to said control gate lines by said top conductive layer and 
wherein said outer control gates contact control gates of a nearest said sub-array. 

= r 66. The memory array accorjdingjto CJaim 65 wherein.each.pf sub-array, control gates- 
is : cpnnected by said bottom, conductive (ay ^ 
? select transistor. t ^ - . 

67. The .memory array according, to .Claim (65-wherejn each.pf said sub-array control gates 
. v is extended, to a source diffusion of a corresponding said control gate, select transistor 

thereby directly connecting each of said control .gates tp,a ? cprresponding contrp^gate 
select transistor source diffusion. 

68. The memory array according to Claim 65 wherein said control gate select transistors 

; • - :-ifcr: r " ' . ' 

i- -r: nr*?vr/ ■•.«;.^i».-iRrChannel deviceJh -an independent N-well. r.y v. -.v.^ h*&& tejl±**zrJ:-':*?-y? <j < 

69. The memory array according to Claim 65 wherein said pairs of control gate select 
transistors run in parallel with said word lines and perpendicular to said bit lines and said 
control gate lines. 

..:-<«r * . ;.v 1 ... jw. v%:-v .\ ,.<:-.. v* s , • v.. 

70. A stitched MONOS memory array comprising: 
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a plurality of memory cells in a MONOS memory array whefein each memory cell 
comprises: 

a storage cell on either sidepf a word>gate; 

a bit'diffusion junction underlying each of said storage cells wherein each pfi 
said, bit diffusion junctions is shared with an adjacent storage cell of an adjacent membry 
pell; and 

a control gate pverlying #ach of said storage cells electrically isolate from 
underlying said bit diffusion junctions wherein said control gates and saidwo^d-gates run in 
'parallel and wherein said bit diffusion Junctions run orthogonally to said control gates andr 
said word Qates; \, . r - , 

.wherein word gates Jn said 
^form control igat^ linesi an* said bit diffusion junctions in said' array form bit lines^ 

<ronh^iorw Irdm^said^bit Wrips to a^bdttom cpnductiv^^layer- QV^yin^^idiwpYdi 
gate lines; "'■ : • «-.•• ■ 

connections from said control gate lines to a middle conductive layer; 



contact/via stacks from said word gate lines to a top conductive layer overlying said* 
middle conductive layer; «nd 




71 . The memory array according to Claim 70 wherein said connections Ne on alternate 
fcf control gate lines and word lines. 

72. The memory array according to Claim 70 wherein said middle conductive line and said 
top conductive line are shifted by half a metal pitch, wherein said middle conductive layer 
also loops around said contact/via stack, and wherein said connections lie on every control 
gate line and on alternate sets of word lines. 

*D"ct ailed Explaaa;tion of the Invention 
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BACKGROUND OF THE INVENTION 

This application claims priority to U.S.Provisional Patent Application serial 
number 60/278,622. tiled on March 26, 2001 , which is. herein incorporated by reference. 

RELATED PATENT APPLICATION 

U.S. Patent Application serial number 09/810,122 filed on March 19, 2001, 
assigned to the same assignee as the present invention. 

1 ) Field of Invention ' ' * • - " ^ 

^ : - The invention relates to stitching (strapping) methods of forming high - 

density Metal/polysilicon Oxide Nitride Oxide Silicon v <MONOS) memory arrays with reduced bit 
' - line resistance, reduced control gate resistance and reduced word gate resistance using three- 
level metaJ lines, resulting in high density MONOS memory arrays with high performance. 

2) Description of Prior Art and Background 

Twin MONOS structures were introduced in the U.S. patent 6,255166, and 
U.S. Patent Applications serial numbers 097861 ,489 and 09/595,059 by Seiki Ogura el al. and also 

u " u ~-vart6GS array fabncatiotfmethodsof the twin MONOS memory array we^ 

""" %v * <v " ^ -—Patent^ > n s 

on November 21, 2001. - 
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The twin ballistic MONOS memory cell, illustrated in Fig : 1 A, may be> 
arranged into a bit. diffusion array as follows: each memory cell contains two nitride regions 031 
which comprise storage elements for one word gate 040, and half a* source diffusion and half a bit 
diffusion (003). The diffusion junctions are shared by two adjacent storage elements. Control 
gates can be defined separately (042) or shared together (043) over the same diffusion (003). The 
control gate is electrically isolated from the underlying^diffusipn junctions, tdiffusipns are shared' 
between cells and run in parallel to the sidewall control ;gates (042), and perpendicular to the word 
line (f£41).The | diffusion lines become bitJines. 

In .a.cpnyenjS.orjal MOSFET memory, ra .transistor structure, consisting of or# 
.polysilicon gate .between source and drain diffusions is used and. word gate ;polysilicbn line and> 
diffusion. bit lines are orthogonally placed. When toe mempry f arr f ay gets large, the^bit line (BL) and; 
word gaje line fV/G) become Iprig, .The word line resistance Sue tq the series of wor^gates is high 
in large memory devices. In order to reduce word, line resistance, it is necessary to connect the 1 , 
word line periodically to a metal line that runs in parallel to the poly word lines. This is referred to 
; as a "strtchejT or gapped" word line. Also the bit diffusion Hnecan be sub-arrayed and the bit 
line can be "slftched'\by { a conductive metal line. In a typicaj.mempry, each p.olysilippn .wprd line is 
stitched to a metal word line which runs on top of eachjpoly word line, and each diffusion line, 
which runs orthogonally to the wprd lines is stitched by another layer of metal line. 

' ' : r: ^ ***. *v; v :^ ;. r 1 

trarislstor consists of three' gates between source and drain diffusions. Three resistive layers of/ 
control gate and word .gate and I .bit diffusion may need, to^be stitched to reduce resistance and tdv 
achieve the targ^iperjpmriarice. For higher density, the pplysjlicpn control gate lines and diffusion 
bit lines may run in parallel to and on top of each other. If the cell is metal-pitch limited and 
requires stitching, that means that two additional layers of metal lines have to run on top of and 
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contact to the two resistive layers. This is a layout and process challenge, as it is not possible to 
stitch two resistive layers' to two respective metal layers when the set'of the composite four lines 
are running on top of each other within the minimum metal pitch. - - 1 : 



SUMMARY OF THE INVENTION 

In the memory cell described KereihaBove/Howe^r/ another third resistive 
layer is added and stitched by the third level metal. Then a clever three-dimensional solution 
■" , makes it possible to stitch three resistive layers by W 

" Ariobjectlve r of the presentirivention is to ^provide a newVnelthod of stitching 

•''between Hlgh'riEwlstahceiin^ari^iow resistance meiallinesm ia memory ceil having three types 
of high resistance lines: "* " - 

Another objective of the present invention is to provide a new 
' Pitching such that the three 'High* resistance lines can be stitched by t h ree low }ek\ stance metal 
. lines' within a ceil size that' is linViteti by the minima ' 

• • . • . ; '.. : v* - lA' v ' >*■ ;.* ;.. ;. .V ; \ • .fl .» *'* •.. {'.•' 

/ 

/ 

Yet another objective of the present invention Is to provide a method of 

' • ■ ■ ■ ' : i.^'"J-r 'V.^s.i ^;>.vV' :Lrr^:i^^:^Lr''-r'Ys^ f .ry^ . : ' " •'■ ■* " ■ ■ -■ ■ 
forming the stitch contact areas for the high resistance line. ;* ~vr - - - - - 

A further objective of th© present invention is to provide a method of 
stitching three high resistance lines to low resistance metal lines while providing bit line select 
transistors. 



) 
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A still further objective of the present invention is tq provide a method of 
stitching^three high resistance lines to low resistance metal lines while providing bit line and control 
gate select transistors. 

In this inv.entibn^by.of^^ 
fabrication method, the threeTesistiye, !ayers>of diffusion bit line, contrpj.gate and word £ate 
poly^licpps, where control ( gate;p>lysijicon can run on tpfepf the .dm usiqn bit line, are most 
eff^'vely. stitched with prify : thrge; layers of metal lines keeping. minimum metal ipitches, 

. When the <nOT^ 

tpojarge^nd ^M@:]itt&Qt]s&§fa becbm.es toa large u fpr v a specific application speed.. Therefore, 
the bit line-needs tp«jbe;suMjyld^ |»itp several sertipns.^Each.s^ 

<s«#ct:transist^ is 
^ducgdltfethe sum pfthe^glq^ Also 1 
the abpy^strtchinginvento^^ line; 
/yso.appthensti^ 

s ? r M P u mber v p?^^,084 j§ t a]sp presented ;ys|og a sjnji^ f . 
conceptual illustration of a memory ( celf array having cpntrpl gate Jines, 1 42 and bitrlines 1 03 
running in parallel to ea^,crther f .and th* wprc^gatfjine-l 40 appendicular to «bbtb the* control :gatei 
and bit lines.: Word . gate 5 p isfurlher 

control, gate polysilicon I ineiisialso divided in^ - .. . 

<b 1 '^*^which connects t^a-mjun/jcontroj^gate.^r^ , , . -, 0 ^ r . ... . -t v 

*The»first embodiment of the-inventionj provides a stitching method !pf: three 
resistive layers to three conductive layers where two resistive layers (003,042) run on top of, and 
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in parallel to each othei\ and the third resistive layer (040) runs orthogonally to the first two 
resistive layers (Fig. 3). The cell width and height allows for one conductive metal in both the 
vertical and horizontal directions. Each resistive layer is periodically contacted (stitched) by a 
respective upper conductive layer to reduce the total resistive layer resistance. In order to reduce 
resistance, the middle resistive layer 2 (042) is periodically connected to the conductive layer 061 
(M1) t which is above it. In order to make a connection between the bottom resistive' layer 1 (003) 
and the uppermost conductive layer M3 (081), the second reslGtlve layer 2 (042) is cut and 
separated in order to expose the bottom resistive layer t (003). : Then a contactAHa stack is built 
up from the bottom resistive layer 1 (003) to the top conductive layer 3 (M3) 081 . The two ends of 
the second resistive layer 2 (042) are connected together by contacting to the second conductive 

layer M2 (071): This second conductive layer M2 {071)'wire. bypasses'the contact/via stack by 

j ... . ...... . , . . , 

using the open space of the adjacent cell: This bypass' path will hereafter b'e'referred to as a loop". 

Since this 'bypass loop of second conductive layer M2 (071 y ; blc^ks : contact to the 5 bottom resistive 

layer! (061); the stitch is'placWbn'evefy other set of cc^^site^ines! The unstitched lines may 

be stitched at another location,* a> short or far distance away. Thus by Otillzihg one extra conductive 

metal layer, two resistive layers cin be switched no two cohductiveHayersrwhe run 

in parallel to arid on top of one another .-Th4 extra second conductive- lay 6r M2 (071) is used only 

in the stitch area, and may otherwise be used in the 1 other 'areas to stitcrl between the third' 

resistive layer 3 (040)y whfch funs orthogonally to the first and second resistive layers 1 (003) and 

2 (042) . For this explanation, in order to- reduce the resistance of the resistive layers^ conductive 

layer 4 (061) stitches toVesistive/layer 2 (042)? conductive layer 2'(07t)^lteh^b-ri^l^lV& layer 3 ;-" ^ " 

•(040) and conductive' layer 3 (081 )> stitches to resistive ' iayer l (003)/ In' thelc^p* conductive layer ;;rv " 

2 (071) is used to bypass the contact stack and connects 1 the cut edges of resistive Iayer2'(042) 

together. However, it is also possible to exchange the function of conductive layer 1 (061) and 

conductive layer 2 (071) - and stitch them to resistive layer 3 (040)^and resistive layer 2 (042), 
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respectively. Thus three resistive layers may be stitchedby three conductive metal layers within 
minimum ceH/metal pitch. 

In the second embodiment , in a diffusion bit array of the;twin MONOS~ 
memory, where the memory device structured fabricated as described in U.S:'Patent^*248,633 
«BJ , the bit diffusion -contact for stitch151 isiormsctf Then by utilizing; the resistive^to conductive 
layer stitching^method which was described in th§<firs1 embjbdimeht scheme; the: control gate 
'polysilicpn 1 43:is ^stitched with MetaJ 1 (161) and [ at th6 line eiJge, as. shown in FfG. 5B: In the 
.anray, metal .2 (M2) 171 is:used.to lower the. resistance of the*pplysi I icon word gate: line. However, 
. in thej stitch areja; as demonstrated: in FIG; 5C, M2.172 is;alsp>use,d:to connect th|^ges pf the 
severed CG lines :t hat aire.cqntacted^o Metal t (M1 )• 4&1 : v Th.e M2Jine kjops arpund tha 
cpotactyVia stecl< 5 1 51 which connects the.diff usion bit Ijiieil O3.to,the parallel runnirfgiMetal 3 1 81 
in Fig.SD. Since.% .loop pf M2 1.71 blocks the bit line, contact in the. adjacent cell; the&tltch region 
, Contacts, alternate jbit> lines.ahd.alternate, CG li nes. The/uncttrta^ed set of lines may^be;stitchecl 
immediately .below in a.separate .stitch area or at the other end of the sub array, Itis also possible 
to interchange.the functions of metal 1 and metal 2 for thisarray, such that metaM is used to 
contact tp4he wor<JHine andifpr the stitch. Ioop ; and metal 2 is used to stitch to andrreduce the 
resistance of the^control gate line. . , 

ln .the.third.embbdicnent of this invention, the stitching method also incorporates a ifcwt diffusion 

sel^ transistofc'an^ thei^i^MnSst6rs:' : lC'^Vl._. 

may betfpj^ or cbntrol gate line/ or to limit the disturb; 

conditions that ^grouped sub-array of cells may be-subjectedfto during program. and/or erase. 

These select .transistprs are addedrinto the stitch areas between memory cell sub-arrays.; FIG. 6A 

anid Fig.9C showman implementation example of a bit lineselect gate 21 1 and controKgate select 

gate 212 in the stitch area. Referring to FIGS.7A-E and 8A, the stitch areas on both sides of a sub- 
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array are shown. Bit line select gates 211 are placed closest to the array and the control gate 
select gates 21 2 are placed outside of the bit line select gates from the array. At the end of the 
sub-array, the bit diffusion is extended past the edge of the control gate by implanting N+ species 
such as As prior to formation of control gate sidewalls (Fig.9A). The bit diffusion extension 204 and 
bit select transistors 21 1 are provided alternatively on both sides of the sub-array: Select 
transistors are isolated from each other by shallow trench isolation? (Rg7E arid Fig.BA)' The bit 
select gate 211 is placed horizontally across the extended bit 'diffusion' and the horizontal gate 
becomes the bit select gate. The diffusion on the other side of the b it select transistor gate is 
connected to the main bit line by a contact stack 251 ' between the diffusion to' second level metal 2 
(271) as shown in Fig:9A. When control gate select transistdrs'212<afe also needed; ; a pair of 
control gate select transistors 212 are placed out of phase^and'bj^een^the two bit lineselect 
transistors 21 1 inside the two edges r df two siil>arra£s: The'*p&ir of control gate select lines run 
parallel fonhe word' gate and perpendioji^ to the bit lihe'ahcl* control gateliries (Fig;8A). The 
centercontact i 254 between two control gates 21 2 becomes'the control gate connection point to 
the main control, gate line which runsvertically in metal M3 -(281), as illustrated' in Figs. BA.and 8D. 
The other diffusion region of the control gate select transistor is locally connected by metal M1 
(261) to the other end of the polysilicori control gate stitch 252><(Fig.8B) IVIain i bit lines run in metal 
2 (271), but near the main CG contact, they are cut and connected down to metal -1 (261), in order 
to loop around the main control gate contact 254 to complete the bit stitch (Fig.8C). Thus at the 
one edge of sub-array space, alternative bit select gate/stitch Via M2 line and control gate 
Vef&^BtHcH be* - : 

us^rih^ 

gate resistance. This example shows a bit select transistor and control gate select transistor. 
Using the same contact and metal wiring approach, it is also possible to implement the stitch and . 
select areawith transistors for only bit line selection or with transistors for only control gate line 
selection. «■ . *-r. • - *' • "/ 'i .' • & ; ■• • • 



i 

/ 
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The fourth embodiment shows a stitchingjmethod in another, type of array 
arrangement called "metal bit M where the diff usipn of each cell is connected to first level metal (M1 ) 
361 by a contact 351 (see Flg:10C, Fig;i1B, and Fig.12B). The. polysil icon control.' gate lines 342 
and the ; pplysilicon word gate lines 34j0 run, parallel to each other and orthogonally lp.the/bit metal 
line 361 Ffig.12. A polysilicon pad is prepared in order to contact between the control gate 
j>olysiliconand metal (Fig.lpA-C): Thi9 pply^licpn^pad 343 is formed by using.the self-aligned 
methods dqsCTitod in .thpf previous embodiment. Metal M2 371 is used .to stitch control gate 342. 
(Fig.l.lpXand the metal M 3 381 is us^tp stitch the, word -Qrte.SMipQA ID) . The word gate 
-cpntapt 355 is placed in ( the open space which is created by cutting the control gate-M2 line and* 
looping : arpuna^ word gate. contact are^(Fig.1 1C). ;;By f shifting the 

3n&m^ 3^ and;io x o^ijg^ 
,ine 3 *? e ^i?#^ ; 9^.eJine.340 can ^ contacted w|th in ^R!^ v i^jj^ : (^12A). 
Since the.control flate JjneJs.a narrowsidevrallpolysilicp with higher resistaince.than the word 
^g^tejicie, the ability^to, stitch^to high 
performance applications. . . i, 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The first embodiment of the present invention provides a stitching' metholdhof three resistive 
layers to three conductive, layers where two resistive layers (003,042) run on top of, and in parallel 
"to ea<^'ptf eri'aha theihird resistive' layer (040) runs orthogonally to the first two resistive layers 

horizbntal 'dir^ctions. Each resistive layer is periodically contacted (stitched) ; by a respective upper 
conductive layer to reduce the tbtai>esistrve layer resistance.^ In 'order to reduce resistiihce, the 
middle resistive layeir-2 (042) is periodibaily connected to the ^^cohduclive layer 061 (Ml); which is 
abov^lt: In order to make 'a 

uppermost conductive layer M3 (08 1), the* secbrid resistive lay^2 (042ris^bur and separated in 
order to expose the bottom resistive layer 1 (003). Then a contact/via stack is built up from the 
bottom resistive layer 1 (003) to the top conductive layer 3 (M3) 081 . The two ends of the second, 
resistive layer 2 (042) are connected together by contacting to the second conductive layer M2 
(071). This second conductive layer M2 (071) wire bypasses the contact/via stack by using the 
open space of the adjacent cell. This bypass path will hereafter be referred to as a "loop*. Since, 
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this bypass loop of second conductive layer M2 (071) blocks contact to the bottom resistive layer 1 
(003),-'the stitch is placed oh every other set of composite lines! The unstitched lines may be 
stitched at another location, a shorter far distance* away. Thus by utilizing oneextra conductive 
metal layer, two resistive layers can be stitched to two conductive layers, when air four layers run 
in parallel to and on top of one another. The extra second conductive layer M2 (071) is used only 
in the stftch'area, and may otherwise be used in the other areas tb : stitch between the' third 
resistive layer 3 (040). which is runs orthogonally to the first and second resistive layers 1 (003) 
and 2 (042). For this explari 

conductive layer 1 (061) stitches to resistive layer £ (042); con'durtive^ayef' 2 (071) stitches to 
resistive layer 3 (040) 'and conductive layer 3 '(081 ) stitcHejs'tb' resistive f layoff (003) i ; In the loop, 
conductive layer 2(07 ; 1) is^usl^j ttfbypass^tfie <xirita&'^ 

! reslstivb layer 2 (04'2) together? However, it is also possible to c exch'ange the function of conductive 
layeM" (061 j ahd wrid^ knd : atitcH them to v resistive iayer 3 : ib4b) and resistive 

layer 2' (042), respectively: Tfiu$ r tHree r^i^Kre- layers'* miay Bfe r stitch'ecl'tjy thVee conductive metal 
layers within minimum cell/rnetal pitch. ,,<l f 

The second preferred embodiment of the present invention will be discussed 
with referenceto Figs.,4r6. : . - ... , :ir . . 4 _ . .. . » ,^^, . ;; , , , 

, The. ballistic twin, MONOS, memory cell. ^ in US Patent 

-62iii3^3^ 

diffusion (103). The,diffusipn junction Control 
gates 142 are defined^bv vertjeal risactiveton^etching on both word.gate sidewaHs. Apair of control 
gates 142 ^aring,^ 143 as 

shown Fig.4B to reduce the resistance. After .defining4he ( sidewall gates 142, a silicon. oxide film . . 
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124-A is grown or deposited over the control gates and th$ diffusion junctions 103 to form an 
isolation layer 124 in Fig.4B. Using a recess mask 19QJri Fig,4A, the oxide ,124tA is etched to 
leave the isolation oxide 1 24 in Fig.- 4B: Then polysilicon in the canyon between separate control 
.gates 142 is deposited and. pl,emarized; U 124 r A v over the polysilicon control gate 

is removed, by wet % pr, dry etching. A polysilicon is deposited to, fill the, space ,betwee 
;^d;glanarizejj.by CMP to.rempyethe polysilicon over the.wbrd^at^s as shown in.r^K}.#B. The 
control gate 143 Js. electrically isp.iate^.frpm^he underjying.diffusipn junctions i;p3;. -Diffusions run 
under the sidewall control gate jl^. ^a^^r^icular tqUhe^wpr^Jine to be/f orme;dM,ate.fi ovjlrlying^ 
the control gate, , ; . K . , . .. .. t; . , vt . . .... \-. lf?r '. 

, .. .The bit diffusion 

4B) The^ys^licoji^l^ and ,1 43. is se!,ertive|y ejche^ § : rractiye c ipn etching 

(RIE) process; hayingia ch|ortne tK^^J^IIowe^J blt^ptsfctiion jmRlanteftqn sjjch as As, 
as shown in Fig;4C to form all n+ region profile under ; the ONO and make the contact area- 
/borderless with n+ dqpant. < .. ...^ , .. t 

.". . . ... . A.conyentiqnal,met8J contact pro^ 

• deposition within the opening, ^chernicaj mecrranical .polish (CMF%crf,the^ a 

. .contact hole, tungsten fill, and CMR ; of ^ tungsten.; Fig^ 4C;illusWe> thjej^ 
sffichjpqritact J5,1 anjdicpntrgi gate contact 1 52^ Fig? 5A shows a : top :yiew 1 of^e^ i MpN.O^ device 

: .;§rt;tfT^ sectionB^qtRg^ _l;„. 

contact hole 151 lare^ placed on, alternate bit lines ^^cpntrp| gate lines. Control gate contacts 
placed on the ;bpth edges, as shown in Fig. 5A, xpnnect»together jwith- 1 * irietak.l 61 as shown in 
P9-5B, f whereithe^1^ metal ; pads<are]#aced t on?bit contacts* to, ste^ to 

, , stack. the. bit contacts and Cjqntrql^gate contacts. Tbe/I.^rnetali lines are opened at bpth. sides of a* 

; ^bjt contact : 15>. to {bypass with 2*? metal loop 1,71 ^as shown . ii\f^ig.5C .* , Xbo . word^ji nes • are also. 
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stitched by 2 nd metal, not shown. The bit contacts are stacked by 2 nd metal pads and 2 nd via holes 
and stitched by 3 rd metal as shown in Fig.5D. 

Figure 6A is a magnified top view of the stitch area in Figure 5A. Figure 6B 
is a magnified top view of both control gate and bit line connection'at the stitch area of Figure 6A. 
Figure 6C is a cross sectional representation of the control gate stitch area after metal 3formation 
showing cross section A-A ? of Figure 6B. Figure 5 6D is a cross sectional representation of the 
1 cbntrbrg&e stitch area after metal 3 formation showing cross sec^ion'B-B , of Rgure 6B'. Rgure 6E 
is an equivalent circuit diagram of a sub-array with three level metal stitch! ' : ' : 

>• ■: t^i >.-«-;m ^^'in'a'miriimum Im gate 
•*;'using v 1 tt metal arid 2 nd metal and Kbit line running immediately underneath the control gate 143 
tislng '3^ : metal. A metal stitcK to the word line is^prmed Vsirig tfie 2 nd metal. j,v 

The third embodiment of the present invention will be described with 
reference to Figs, 7-9. The third embodiment completes the stitching method having select 
devices; ' The bit 'line arid control gate capacitance reduction of the -present invention is achieved 
by placJng bit select gates and control select-gates in fa tight sub-array space in conjunction with 
; t he previous^ metal' stitches/ 5 ' Rg; 8A illustrates 'a top view after defihing the' contact!' The control 
gaWcoritacts 252 are placed at the endof a sub-array. The bit diffusion select gates 21 ! 1 are 
?Vj!>lac^ are"placed f bn - 

aitternate-side of the' sub-iarray "as shown in Rg.8A: i In the area^f a pair of control' gate select 
'devices 21 2; three contacts 253; 254, 253- are placed as shown in Rgure BAl The select gates 
define 'which sub-array is selected: The center contacts 254 are connected to *the : maih control line. 
Both sides' of contacts 253' are connected to the sub-array control gate! 'These' bit line and control 
gate contacts are^wlreifusirig 3 metal layers. Loop 262 and local c^nriecferT^ei^as 1 st metal, 
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shown fn Fig. 8B, maintbit line 271 as 2 nd metal, shown in Fig. 8C, and } main control line 281 as 3 rd 
metal, shown in Fig.* v 8D: 

•Figs; 7A, ZBPanid 7C illustrate crqss : sections at various process steps to 
form control-gates and their contacts.-. The conformal pqlysilicon laye£ 24?/243,is deposited over 
the>word<gates 240, as shown in<Fig>7A. In theiprocess;of the present invention, th.e control- gate 
contact area 243 is placedjoyer the.shal.fow trench isolation (STI) region 202 ; where, it is covered 
wtrv recessed ?photo resist mask or hard mask 29 s 0. The mask rs ( appli^ to» expose the control gate 
pplysijicon f>xcefjtin the, rontrqlpadi area: Then the,vertical etch of/Jhe sidewalU^lysilicoh is 
.p^rtgrmed toget the sidewall oontrpl gates 242. Pqlysilicon ,o^ 203 1 
is :^ch^jpiA. 5 ;H ?£3 over the STI regjon is cpv^r^d f with therjecfessed mask 

290 .and the .filled, poly, silicon for the control gate contacted rem^ns/M^hpwn in F1g.7B; whose* 
tbpv^i;^ . : \. . . : , : .. • 

After defining the peripheral area, including, the select gates, oxide 245 is 
deposited to fill the areas between the word gates and pianarlzed until the cap nitride 230 is 
expps^.,The word Jine.^ the cap nitride strip to allow 

self-alignment. The: word wire is defined by the conyentionaJ Ji^ 

, etching the t3epbsit(^ pplysilicpn 246,811(1 the word gate fjDolysilicon^^O jail the w^y*dpwn,tp the 
, AArprd gate oxide. Jhis is followed by the conventional pontactrprqcess^with a s.equence^bf gxide fill, 
^o»deX^P;Joonte to f<>rm ^ .-<•■/■;-• 

Fig.7E is a tof^view after the contact process . . F\gJQ Is a ap^g^iftffcQ^^ - A' runnings 

on control gate contacts 252 in Fig:7E. 

...... Th£ extended diffusion 204 is,defined in -the N+ diffusion under the , 

enclosing memory gate 210 by Arsenic ion implantation with a dose of between about 1 E1 5 to 
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2E1 5 ions/cm 3 arid an energy of between about 40 and 60KeV immediately after STI formation to 
keep electrical continuity between the diffusion bit 204 and bit line select diffusion 206 (Fig.9A) 

• This control select device 212 can be N-channel with isolated P-well from P- 
substrate or it can be a P-channel device with an independent N-wel I When a P-channel device is 
used, the voltage application on the select gate 212 has to" be'chosefn carefully to discharge near 
the low-ground leVei. The input voltage on' the P-channel device is at least below trie threshold 
voltage (Vt), If the p-thresholti is.-l .0V, r trTen the select "gat(3 f voltage for ON must be at least -1.0V 
instead of the normal dV. However/this extra! complexity with the negative voltage pays off in 
comparison with an N-chim hel -select gate, in ah' NH^ahrielselect galte device, 5 In order to pass 
higrVvoftagSV^ which 
mean's about 7~8v 'on the sele<ri gate 

requirement (almost 40% higher) forces the utilization of at least 40% thicker oxidefor high voltage 
support devices. This extra oxide thickness can be avoided if the P-channel select device Is 
chosen instead I of the N-chahnel device. ; " ^ : 

J v ' ' 1 the pair of control gate sel^lineVrun^paraH^ 
perpendicular to the bit line ahid'contrbl ^ate lines in Fig:8A. the center contact 254 between two 
control gates 21 2 b'&omes'trie 'control gate connection'^ gate line that runs 

vertically in metal M3 (281) Flg.8A& 8D. the bVher diffusion reg^ 

Vtransi^br:is : l6c^ stitch 1 

2!52^(Fig.8B) Main bit lines run in metal 2 (271 ) , but : near the mriiri C(S contact; they are cut and 
connected down to metal 1 (261), in order to loop around the mdh^controi gate contact 254 to 
complete the bit stitch Flg.6C. Thus at the one edge of the sub-array space, alternative bit select 
gate/stitch via M2 line Sand control gate select/stitch via M3 may be completed using a M1 -local 
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connection and loop.:Metal ,1 may also be used.in the array region to strtch the word gate lines at 
intervals.to reduce the polysiHcon wprd^gate/esistance, 

. ^3 application of 

the twin MONOScefl device of, U.Si Patent .6,248<633 <B;l is illustrated in Fig*9C. The bit line 
signaJ#L[1].thrpugh:the global Meta! 2 is.cbnnected to pne r ;side,of the bit select transistor {Bit 
Select* 1) and thejgitfpuWs.OTnn^ other.side of the/bit diffusion line which* is connected* 

}o thetlrain of another bit .^lect .transistor (Bht-jSefect'0)^n r h^/sour9^junctbn < is connected to the?- 
<BL[0]rMetal 2 lineo.WhehjOne of the.word lines in theiblock^betw^h two-bit select.trahsistprs is 
- selected* the .bit-sfgnahfrpm •thejBL[1]:,gbes through*the,twin .cells.aria reacheikBL[b]. 'On thjtcrther- 
hand, the cdntrpl/gate^sigpal from CG[1] ISidro#>ed<tOAthe CG[1J 
and passes through, the sel^ Then the- controls gatersignal is-deliveredttb the control 

gate-between two-bit select transistors ; , - ' r. ... 

r. :.. .aFig.&B shows an;altematiyemeth^ 
contacts .256 directly to the control ^gatehThis reduces the stitch area since the'direct contact 
eliminates 1 st meta! local wire connecting a sub-array cbntrpLQate and^a select tdevice source 
diffusion. The control gate is extended to the select device source diffusion. The contact 256 is 
connectedito.the underiying- diffusion after removing the GNO. The control gate signal from the 
m^ln control (gate line 281 with 3 rd ,; metal ♦comes, in thro ugh:the: stacked via<256-and is delivered to 
^he:sburra;diffusie^ : .:; 

ri d. ... i vln the fourth. preferred em todimenfibf thei present inventi^ 
methodtof the invention can.be used [ in th (^nonvolatile membry^iiscfosed.ln the copending U.S: 
Patent.applicatiqns serial numbers 09/810,122 and 09/99^;085v ThisiembbdimentUs^discussed 
with reference to Figs.10-12. 
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In another array arrangement of twin MONOS memory device, a stitching 
method of word gate and control gate to two metal lines running parallel is disclosed.' In the 
process of the present invention, the control gate contact area 343 over the shallow trench 
isolation (STI) region 302 is covered with recessed photoresist or 'hard mask such as TEOS oxide. 
Then the vertical etch of the sidewall polysiiicon is performed; Sidewall control gates 342 are left 
on the sidewalls of the word gate 340; However; the polysilicon 343 is protectedby the recessed 
mask 391 as shown in Fig.1 OA. A conventional GMOS gate definition follows to form the logic gate 
structure while'protecting the memory area Then *he sidewall dielectric spacer for logic gate 
. follows as shown in Fig>1 OB; The 'sidewall dielectric spacer oh the logic gate can bV^a thin oxide 
and nitride spacer. Since the sidewall control gate can be<thinnerthan;40hm and the top of the 
control polysilicon gate can be reasonably lower than the tdp'bfithe'word gate' polysilicon, the 
nitride spacer.can coverthe entire control gate polysilicon. During opening of the bit contact 351, 
the slight overlap of contact hole over the nitride layer is tolerable since the nitride has a lower etch 
rate during oxide RIE. A control gate contact 352 is made over the control gate contact 
polysilicon 343. Word line contacts 355 and Bifccontacts'351 are also formed. The bit line is wired 
by .1? metal 361 in Figs. 10C arid 11B, the control gate is stitched by 2 nd metal'371 in Fig.1 1C, 
and the word line is stitched by 3 rd metal 381 in Fig. 11D.< :>■ —:•-!« -■- ■.>-.<• 

w .' . « The diffusion of each cell is connected to first level meta|i{M1) 361 by a 

contact 351 Fig.1 0C, Fig.1 1 B; and Fig.1 2B. The- polysilicon control gate lines 342 and the 
fkilysiHcb^ : 
Fig.1 2A: Metal M2 371 is used to stitch control gate 342 (Fig.f1 C) ahd'the metal M3 381 Is used to 
stitch the word gate 340 (Fig;1 1D).v The word gate -contact 355 is placed in the open space which 
is created by cutting the control gate M2 line- and looping around in metal 1 in order to avoid the 
word gate contact area (Fig.1 1C).' By shifting the metal 2 and metal 3 lines half a metal pitch and 
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looping with M2 as well as M1 , every control gatejine 342 and<eyery other word gate line 340 can 
be contacted within the same region (Fig.12A). „ . ■ 

• Theequivalerit circuit$agram to. this embodiment is shown in Fig:;12D. The? 
stitch area is placecLon both sides of thememory array block, deflned;as upper andjower stitch 
areas. The control -jlate.contactSitQtstitch thje, control^gat^Jlirie.;are placettbn 'Wth iu.Rpe(; ,and lower 
areas. Word contacts are placed alternately on upper ahfr lower areas. 

t ; - . The s plesem inyentiph^ 

to three low resistance metal lines within a cell size that is limited by the minimum; metal pitch. 
•Methods have been provided to form stitch contact areas.for the high resistanbe line: 'Bit line 
. select transistors and/or control gate;S^elect transistors mayrbejproyidetf in addition to the stitching* 

: « ' Whiles the invention has^^ 
reference to the preferred embodiments thereof, it will be understood by those skilled in the art that 
various .changes in form and details may be made t wrthout departing from the spirit and scope of 
the invention. ,,:. T ' 

* • r' 

} J BRIEF DESCRIPTION THE DRAWINGS 

..JnJheapMmpanvjng drawings, forming a material part of this^escriptioh;-:-^--:-^- 
there is shown: - - - 

FjgurejIA.is a cifcss sySctipnaj presentation of =a twin M6,NOS*mpmbry 

device of th^pribr art. 

Figure 1 B is an equivalent circuit diagram of Fig.1 C 
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Figure 1C is a top view of a twin MONOS array before formation of contact 



and metal wiring. 



Figure 2 is a conceptual illustration of stitching resistive word line by metal 
line 2 and placing bit and control gate select transistors to improve RC time constant as well as 
achieving stitching objective; according to the third embodiment of the present invention: 

Figure 3 is a three dimensional view of stitching three resistive layers by 
three conductive lines in a minimum pitch.-acobrding to the first embodiment of the present 
indention; v f -» - •> 

• - Figure's 4A through 4C are cross sectional representations of unifying fc/vo 

sidewall gate devices into a single control gate and forming a bit contact area by etching out the 
unified control gate ^ pd^ilicon, according to the second embodiment of the present invention. 



■■!■ •* 'Figure 5A is atop view of the memory array obtained by the process in 
Figures4A-C. " * f : 

Rgure 5B is a top view after processing metal 1 and via in Figure 5A. 



Figure 5D is S top view after metal 3 formation in Figure 5A. 
Rgure 6A is a magnified top view of the stitch area In Figure 5A. 
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. . Figure 6B is a magnified top view of 'both Control gate and Bit line 
connection at the stitch area of Figure 6A. 

Figure 6C is across sectional representation of. the contrpl »gate stitch area 
after* metal 3 (prmation shqwingicrpss section A-A* of Rgure^6B/ . 

figure 6DMs a cross 
#fter m^tel 3 formjatipji showing cross section :B-B ! of Figure 6B. 

Figure 6E is an equivalent circuit diagram of a sub-rarray* withrthr.ee level 

~\ metal stitch. 

, . . -. »' A • ■ " i .; lr- \ •T" v - . .• .. ;*•: • ,.: • 

. i-iMo .■»'.. ; hi Figur^ 7Avthrpiugh 7^ 

«ifc$val I contrpl .gates and landing psfts for cdntrplrlgate^ c . : 
embodiment of the present invention. 

. r : v. i. s\,% . , .. « ...» . > : . 

Rgure 7D is a top view of Figure 7B. 
■ t «; • •■• t . :,f . * ii v -.. -•»...,.. .. i.* . . . 

Figure 7E is a top view after control gate completion in Rgure 7B and bit 
seject;gate/formatibn.tBit diffusion N+: is extended- passing under, the contrpl gate to select 

■ : transistor. W - •• • . '.*.•.*•:•:• ■■ •■' . , ..•yv--- ■- ■ 

Figure 8A is a top view Of the stitch ing ;area: with -bit select «ahd control select 
transfstprsiprior-to metal/placement. ■ 

* Figure'SB is a top view after metal r wiring; in Figured 
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Figure 8C is a top view after metaJ 2 wiring in Figure 8A. 

Figure 8D is a bird's view after metal 3 wiring in Figure 8A. 

Figure 9A is a cross-sectionaJ representation of view B-B' of Figs 7E and BA. 

Figure 9B is a top view of an alternative method of placing select devices. 

Figure 9C is an equivalent circuit diagram according to the third embodiment 
of the present invention.^ *v '0 . ■ 

Figures 1 0A through 1 0C are cross sectional representations at various 
stages in forming twin MONOS device with a bit contact on each memory cell, according to the 
fouilH^mbddirfient'ofthe pre^'mlnv^fitiohr '< r r ;\~. : iv:f ^;r.v r, ^':,"-:^r 

Figure 11 A is a top view just before Metal 1 wiring in Figure 10C. 

Figure 1 1 B is a top view just after Metal 1 wiring in Figure 1 0C. 

Figure 1 1 C is a top view just after Metal 1 2 wiring In Figure 1 0C ; 



Figure 1 1 D is a top view just after Metal 3 wiring in Figure' 10G'. 
Figure 12A is a magnified top view in the^stitch area of Figure 10C. 



Rgure 12B is a cross sectional representation of the control gate contact 
area in Figure 12A (A-A*). 

Figure 12C is a cross sectional representation of the word gate contact area 

in Figure 12A (B-B'). 

Figure 1 2D is an equivalent circuit diagram of a sub array with a contact on 
each bit diffusion and connected by a first metal line. 



<4#'P : 20p2-353346(P2002-353346 s Alt 



(63) 



041 *pql silicon Word line 

043 Control Gate n>10 
**"!«~ fiU™ fl «*n. 



icon 




03 l^ND Nitride! 



jBJ$* aiffu'sijgSi« 



V 



*# m 2002-353346 (P2002-353346A) 



(64) 




Fig.lC Prior Art 
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Fig.6B CG Stitch and Bit Line. Stitch 
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ABSTRACT 

In this invention, by pffering specificarray-end structures and their 
fabrication method, the three resistive layers of diffusion bit line, cdntr6Kgate r and word .gate 
f^lysiHcpns, where control gatelptelysilicdn can runxm top of the diffusion bit line; are most 
■:effectively stitched with only thriee layeTrs bf metel lines keeping minimum metal .'pitches. The. 
stitching method can also incorporate a brtdiffusion select transistor and/or a rohtrbl { gafe line 
select, transistor. The purpose bf the select transistors may\&e to r.ecluce the overall capacitance (pp 
the bit line or controLgate line, or to* limit the^isturb coridh|dns that a grouped sub-arrgy of cells 
;mayibe subjected toCduringpjogram ancl/pr erase: 
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/ 

[ffjfcigl] MONOS^*U7l'-i'3C3oCgfei 
MIB 3 o(D«feiS SrW-f 5MO N O S * * y T V— SrJi 
Jg, Rtf±aW6SMi-fcU-CM*lSlR:Wi**b» WIBT 

BufBgfT*>£^3 r. £ -i ft '9 *• MIE^ V* * .b tr k<b £ 

iwe«t» ra«#tjg *iiMa±«MSfiOi©±te*.*.T»*iM 
^.jaijjiwtssSeUv - 

u; •• •• , • • 

JKoJBHSr/w-^'U' «rlB'±1tt«ttJlSr«(riB«t'M*«i 
■•T?fH3*u5HI*3Klfc|E*0*Sc. 

[ it** 6 J \^^n%P. J ***MBft t* y^fc-fc 

gJ':- > , ' 

[ft** 7] MON'OS^t!) 7l^-rt©3oOgtfi' 
I^3o©S i li'<ij ! TtS:t5*fe'efcot > 
tirfB 3-^/&£3jUi fc*^ S M O N O S >* * JJ 7 V--- «: 11 

tWE*0Ui *;h,^';ft©±gB^®JiKJ:o-CH 

r knm&mtT-bZi-Z^k kteV, ttlfE=>v** b£ 
t 5 i t tt\ 



(2) 

2 

/t'7*SJI£*?I^U 

hz^kzmwk-rzjjW;. 

- mmm? v. ■•, awBTa^^xrj^iwssiJia* f y b 

y- K^- ; f«-Cfe-5if**7fc:|E^cD^fe. .' 

1 1 ] liWB»4T*>©*jfe*s«WBMON.O S * 

[«M13] MONOS^^-y T^-rtT-ffigtSSr 

• i? wt- ;M'©M.0jS=?<'^y^^l#f£ffi'^^^ 
30 L, - 

7- Ky- h<D\,^-rtifr<DW\z.3bzwm<t^k . 

7U- l*3<D'ifffE= V Ko— /vy— hfi^V h a— /vy— 



ft m 2^ ( 2'-353346*(P2fl,j)2-353346 A) 



(3) 



u 

[S*915] W1EKiT*)*«fe-astWBMONOS^* 

i6] , mB&tt*>tfs ■M'h&mm t° * ^ 
mo Nos^*y.7 y— ft »c^gico -fe/vsra^ 

^©^^ey-fe^te, 

t k *> 6 mis t* y h mmm^ b m««. fcifti* $ Hfcttf 



20 



4 

7 fclE*©:JWfe. 

[|f*^19] «rHE»jT*>*lfe!6SllWBMONOS^* 
y TU-©«»*<6»-t-5HI#Jl 1 7 K1B«l©*ife. 

2 o ] iiME«Tt>#, *'h&JBSB*i f s> 

IW*3J2 1] MONOS^^-y TU-rtT:S^CSSr 

MONO.S t^eDT U— ft\zMW<Ot * y -tr/v£»& 
U 

T-miia tr St h StikS^©* * f4, us?* 5 > * y t/u© 

Jf U • . .. 

Btrier © y - Ky- M4 ? - .k* , ttris 
t rt.«DffrfB avho — /vy-- k r± a >■ h p — ^y — 

h » Sr^fifc b , StffBT u— rt © WB t* y > 14 fc" 

y MftfcJBStfU 



M»**j*U BtilETU-rtcDSfilEt'y M&«c^(4t' 

h $^fciS^Sigc b, w r •C-*tjiEn r ^^S»4mrf5^^ 
J$iit5*fc " so. 



• ^ h Sr-i 9 . ■ d 2-T?«tBa ^ H i 5 i t tttWEJIlT- 
MIB^ V^ ^ h byb Z h (4 N 

SfilS^x hn-^- h.idi^y.h bTWiSt's/ hJ^Sr 

<Dwm y b . 

WIEI7— Ky- r t Sr 

*#b, 

.Mhyv-^M, BfrfiSMONsOs^^ey-fe^o^y 
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(4) 



1 »C|E«CD*& 0 

j;^T^j|5S$^5-fe/ni--rxrt-e^tT$^55i*^2 i 

MIS a > hu-;vy.- h «r»j**f-««ni; £S©mJlEt< 
ML, . 

[SIM2 6] I^h7y^^^ MfSMONOS 
KTIEIJ-^T^-Mfc-*© -/v^- haft h 7 

-*Oa> h o-/Py- h-a-y^ * h ft, lUrfa±ffi«mJt " 
ft!l<D = y ha— /vy— hfi, *t>3£^HuiE1>-y*TU--© 

n v Hn-/uy-.h t a y* ? h-r%- 1 *<&mt-tz> 

[»*92 7] "ift&lt-zfT is— © = v ho-/vy- V 
' ' \itere*i<D#ifc. "=•-• " ' 

©=§-* &/ttl&1-Zwitt=> is h a hlShyy 
v?;*^©y — i£3g$;h^ till: ioTsulE^v 

aft, F?y^ ^©-y - * «:«:~ie»8Htt £ its w*« 

2 i k«E*©#8u . 

[|f*«2 9]' ft(^|S3>'^^-/^<7 , - haft 

It Ufc N ? © P f- -v ^/v-*-T-i» "baft 

— **&*»#*2f*6 »E|E®co^;j£;— - ---- - 

[it*«3 0] buIB-**©^ haft h 



6 KfE@©*fe, 

lii*^3 1] ®ft h^^-^^Sr, MISMONOS 

y. -=e y ±/is<DV7T \y— <D'mzhzm&mtth<D%.%i^ 

*¥te8Wlo J C, b-y hitaaft >9-VS?^^*'»j*U 

ft v * e-y h SrlWIE f y h Ift^ttSK U 
■2o©fui21h : :7*T co.2-o©3is'v^©rtfi!)-e, tulBt' 

•y Ki&aft h ,! 9 v^* * ©2 o©whc/ tm v v hifca n 
ft f 7 t &tefrftntc-tt(D : => yf-o —j\<V- ' 

20 y-^y^^Kii, Ml^ofc'2o©ayhn-;i,y 

t*©'a.y hD-/vy- l-i^^ h«, ttrfEJigB^m 
IfcioTilEay }n-/P^ M»^S8tt^» tWE 

©a.y h d wvy- h i aV^ ^ hf5r t Wi: t 

H«0«*3B 3 i-»ifB«©^}£; ^ wr , ■ •• 

StJ^-fSKrlBa V h n -/V^*- h'Sft F?y 
ayFn — >wy^- F ©'S-* ay|-D — 

3 4 MIB3 y-h n -^y- h^ft h 7 Vi? 
' i»fi6'$Hfc'P^3L/vrt©N^^^^ST/Sft 

$tu5fi*3a'3'l'{C|E«©^jfe, • • ' ' 

• ■■ im 3 5 ] itne-at© = y> d -/uy- haft h 

JfctWWE'aV For/wy- HS*B5Sl-5»#* 3 1 t 
IE«©*fe 0 

[IS*«36] MONOS>*y7V-rt©SttI5: 

' u 

so =&*©^^-y-fe/H4, 



f 
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(5) 



7— K.y— F©^f^<D«tfe5f«t/l't, 
Tfcfc 5 UMBOS' hi»f^a»fe«ftWfcl6*£;l'bfc1W 

IMBT u - rt O y - K.y- htt y - KiBI «: U MIS 
MfEfcT y Mfcfc, ttrfE!7- K0»- HIOltfcSTft*. 

mnmr* ^99 v/vrmm *mm u 

[ If 3 .7 ] MIS»iT*».d5 , = v> d -/v.y- h & 



8 

[ft #314 2 ] WfB»lT*>i6S«t(lj»OS5EO-fe 
±U:«!Wx35»*3l4. 1 fcte«i©y^yTw-; 
[ff#3l4 3 ] «WET«MfiSOiAt^*IW^S:««s 

I»#fl4 5l 'SMB*jT*>ti9lKnEMON-bs^* 

J; o TSiJ IB $ *L 5 ir AdfW Xrt -c & 5 lt*Jj 4 . 1 
■CfooT, 3o©®{itSt, ^r-e.WIB3-ooiegiJBf* 

JiiE£LT*59. 



y r i^-©«tt'sr<s«i-sH!*q| 3 6 

j;oT*ijPS$^5-fe/v-y--rxrtx*^ : f : f$tu5if*353 6 
icia®©^ 

[I«*JJ4 1] Ifft).$McMONOS> ; ty7U- 

— ••- 



mt, ■ ; ... 

S©Ticfc5 r t Sr#«t-r5> * y 7 u--. . 
[If *«4 8 ] mBMfI&#. ffi*ii»©^S©ir j/ h 
©±tcB^?)ff*:^4 7tcfE®©^y TU-o 

o 
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(6) 



y r u-©«tt*sffi«**b5ai*3K4 7 »cie«w> * y 

5 2 ] fUfB»ff*>a^ &/Jv&JRe|R fc° y ^fc 
[31^5 3] «fl%S*lfcMONOS^*!)7V'- 

SE#^i?/v©#* ©-kf-fcS =» V h ri-yvy— h i SrA 

4H"ti : • ■ ' • 

7U- (^©HiTfBaV hb— /vy— M*av hc-;vy- 

fttrtaa b-vt-y- H»*ifetwna!7- hi©-t 

t . ; 
*tlfE=i ^ h o-Vwy- h*|©;*7 y iifc*Sr««ti-a ' 

Jg5 3 KfE©©^.yTV- 0 
[«*JB5 5] Sft^.$llfcMONOS>=e!J71/- 

mono's ^^-y r rt©}i$c©/* y -fe/ut , . 

y ; ir;M4. " • 
y- Ky- >©^i"*td»©(i^fes*lB-t^i. 

•ejKTIE t* y h ffi#cg^-©£* ft, P^-r 5 ^ * y -fe/u© 
IB§«-fe>'i'©=g-*-©±(-fe-5 3>' h'n— /vy— ht£A 

fltu- • 

-efc«5. ttrts v ->*y- hfiffris^vho-^y- h& 



30 



50 



70 

7U- rt©S51B3> ho— ylx^— hf4a>-hn— )\,tf— 
SMS a V > n-/vy- M^^^SUfBy- ¥?- hB<D± 

v. ■ 

MfEy - Ky- Mftj6»&tt-|ET«i»'«»^©aBKi: £A 

if-rs^y 7u- • ■ 
iu*m 5 6) mmmmK = v h n-/i>y- h^*j • 

«tr>.fcV hi&R©£Z©-i? y h©±^*>5g»*JS5 5 KifE 
[gS*«5 7M Iff*)iSiifcMONOS>^!)7l/- 

' mono sy^e y t u— rt©^^c©^ * y 
^^(D^'^y'ir/Ki; ' 
r?_ h©^-r^d»©{ffljrfe«#iffi-t/vt, 

-WIE*«-fe/i'©#*-©T l fc*-5ir:y KJHRS^. i s 
'-CWIBlf y h tt»^g-©#* tt, '.»Srt-5'^ * y -fe/u© 

IESa-fe7V(D#^(0±(C$)«a> : ;hn-/vy- h t SrA 

^^^•tw^-^y^iaaw^H^^y- 

KrfE^i>-rt©y— Ky-Miy-KISSr^j*L, miiB 
T rtOMIEa->- h n — )V>f — f (4 a >• h n — jVtf— 

SWBy— K*, hi, »t/fy MR© 

IfFfBaV hn-/vy-hi^^bttffB!7-Ky- h^©± 

KffBe-s/ hs^^i^m^^a.v^^ b/t-rmm 
9 » ••• • 

TSB^m^t, ^i-eS9!ETSSi»mS»4f91BfBg3l«^ 



1^2002-35334.6 (P2002-353346A) 



(7) 



11 



iU 



mllBMO NO S^^y ±J\s<DVz/T ^—(Om^mmmfJ 
[11*95 8] l!MBWT*>*s, ayho-^m 

[11**5 9] iWHHfch?:^***, 

y hSfcffci:, ( io 

[ff*«6 2] Misuari"— ©ny^ /vy-h 

Fd-;^- h<Z>&*idS, M/Si^S^.V hD-;l/y-> 

•6 0(;Ei^^^y7u- o 40 

[8***6 4 ] 1MB— StOai' h u—/u#— bmiR b 

-teE«?(0^«t-y^^— r * v - 

Jfl**6s5;.1! iW|K38lR , > j'W&X&m* 

Hula ^ y h d — b y ^*^i'^E^WlE;tr so. 



12 

r^ : cte9S$ttT^/«c^MfB^y itmte* striae 

^ h*a*Rh9^^#©2ooM»n, mffBt> MRS 
^17 * t {SLmfttlfcUfriltc 3 y h p -/u^- 

gc^ h uyf7^yt — i/gyE^i^^yhP-yv 

h=jy^^ hi, ::t^3y hp- ; ^ k 

^V*^ Mi, /<7(Z)2 0(D3yhp-;l,y- hig^ H 
5 7|CEtc0^^y7U- 

[if 6 6 J miiBI^^.T o ay^D -/^y— f. 
O # 4r *s % . MIST^^me i^ioT jiWE 3 y h p -/vy 

im^m6 7) tfrfBi^^Tu— op.y ^/v-y— 1> 

" 4W#!«B 5 fcEft :^ ■^-^ : 

StUfcN^^/Vrt^p^^^/u^^^s^ 
£tiZ>m#m 6 5 ^fB«co>« -=e,y T i — o 

Et^^^eyTy-o 
[S*«7 0] ilfcMONOS^* y 7 

MONOs^^y7 is—fo<D&&<D* y ir/^t , 
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13 



ib 9 . IWBV y hJ£»s-&ttfltriB=> V h n-/vy- kx 

atriEru— ft©?— h«y- KMt&Mti. mriE 

SilSEl7— K<7*- h«W»&^'MII*Wl©Jbfcfc3±tt ■ 

zmm-f Tv-. ' 

©^^1)71 — o' 

T©=> /h n HH©_k N Xl*!7 — K^©^S« 

[0001] 

't»W<0«i-'5tt*&'lF] ^ttl^tt. 2 00 1^3^2 
6 ; Btim®^Hfc*He^^FmP»6 0/2 7 8, 6 

HW*"nfc*H1MtaiRJB 0 9/8 1 0, 1 2 2 *ttu 

[000 3 ] *%Wf'i, i«3&*&J!/#*£<Br> y • 
®MUf • f-yitm • BMBA -Vyav (Metal/polysili 
con 'Oxide Nitride Oxide Silicon' (MONO S) ) J- 
*y TV-Sr^-t5fc*<D»iT^ '(&<&) TjfeKMI" 

fit, i&mZixIz^^hB— >\stf- hl&fc XTMSWSix 

51^7*— ^V^Oia^KMONOS^^-y TU— T? ' 

[0004] 

[«*©tt«] y^VMONOSiMft *B4MF 
6, 2 5 5, 1 6 6 N Xt/'MsuE^i (Seiki' Ogura) b 

^xi^m^fftammo 9/8 6 1 , 4 8 9twfo 

9/5 9 5, 0 5 9-g"»C^$iX, y^VMON 

6. • 1 7 7, 3 1 8X1*6, 2 4 8, 6 3 3 61.321* 
\Z2 0 0 1^1 lj? 2 1 BfcU«l$ixfc*BaWfWl«flS 50 



74 

0 9/9 9 4, 0 8 4-g-»C^$^ o 
[0 0 0 5] Ell Afc^$ix£S''l' W<!J J^XW s^M 
ONOS^^ytyWt JJc«5«t glees' hitftTt'' ■ 

fc«l*o 3 1 fc-Stf. ««-o 3itt- looy- K*- 
h0 4 0, ¥#©y-*ffi», »mof5' bffiife 
(0 0 3) K:att-a#KSHI*$:-£tf. tt»**HU 20 

y-H*, ^ct£»tgSt (003) oi-csijAfcwje* 

(0 4 2) . — £*X5 3 (0 

4 -3 ) v 3 V h a -/V^- h J<0tt»«rt-*» 5>«ft 

aj/f h (0 4 2) fsptT-efcP', 17- H* 

(0 4 1) ■itltM. tttaftttfy bi®i&5„ 
[0 0 0 6 ] ii^©MOS FET^-=ey-T?»4, V— 

(BL) Xt*!7-Ky-Mft (WG) l±S<ife5. TcS 

■^*y ss^-cttx -igcoy- h©fcft(qi7- vm 
imn*>'i ztb'zzt ds-T?#*« : , **a6tijfc> ^ y t-fc^ 

[0 0 0 7] L^L, 01"AiC^:^tu5i*^S5''l' VM 
6NOS't;WT?tt, h^^v'^-J'fiy-^.Sfctfe^^t K 

-/U^-" h , 17 - K^- h , • Xt* t* S/ h tfc«tt«0 3 O 

•3 in v Sr# 5 fc »e H , ■ #^bb i/Jlayayhp- 
/wy-Hi»Xt*li£lS:ifs/ HSr»s» tHCffi.ftt5± 

hXt*7°D-fe^±©^ffo?) 0 ^if/£b. 
^ bfc 4 o©i^©-fe s> h &&'}>4tm&M VyT-tiVtLtt 
oTl>5t#\ 2o©ffifet®^2o©-t^-?:*ix©^:SS 

©m3©ffifitSd5^tf»nAb^ ^3 u^/vro^jgjcj; 
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15 



V 



[0 0 0 9] 

[$&W#8?&L<}:5 ii-sfWH] #3818© B«H4, 3o 
©*-< 7<DmWmMktt-!r 5 * * D -fe^td*J^TiS®et 

[0 0 10] #3§0J©{t!l©@lM>te> S/J^JgEUfy^ 

a* 3 o©<6»tt£jmiK: <t o tgff*) w t io 

5i?t, *fr^©«L^#ft£«tt**i.£ 
[ooii] jEk, *38W©«i©BttH\ *«$&*©*: 

[0 0 12] #3S9l©JEfc5 B-S&tt; MMWl 
[ 6 0 1 3 ] < JcanoX&S B«>fi> try MSlRtf= V 

i-rfe^o ...... 

[00 14] 

-rlooisj •^ ; t'y#*#-<frt)tf-&i> ^yli© 30. 

IU-?T1K$^ 0 «ot> h— ^©Ifjy.HM-r 
/<isfisxti, .^a— /-<;W©&Jg||3M'/<v'* y^tm 

BtHE©aft"*>'«Wtt, h 7 v * 3r tf s/ hi® 

©±fc«<»&.»ctt«*ixs. mk, xmftftmmmo- «> 

9/9 9 4, 0 8 4»-C«tt-**t5jftfiiLfc.TV- fitit- 
flck:*ri-.5«i©*iTt>*«fet>, *©©*ftSr«ffl UT» 
tt$tt5. 0214, 3yho-^-.MSl4 2Mk* 
5/H10 3 jsfticwe. 17 — K^— hSftl 4 0*5 

^^y-t/uTu—©st^[a-e*)5c v—w— h&t&ik 

■ ■•to.-sM' yfy HH»^8^Mhhr^^-yH^3^+-9VS? 

1 -9 « K Jt oT##7-V a * ov 

-^y- h^^-vy^yte, |5lw, wyav h a so 



)' 
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fS?** 1 9 5KHr>X^T\^ $%i£h,Zo 

[0016] #3§w©sg 1 ©HJfe^fifi, 3 mwsm- 
* 3 o©^m^^»?r*>i-5.^&?riitti-5o ::t2 

o©ffi$tS (0 0 3, 0 4 2) mgZKlWTTa&oT 
*5 9; !3©|g$tS (0 4,0) »imiO2o©S0tg 

(El .3) KB^S. -fe^©fgSO ? S^»4, SK&tfzk 
¥#Afclo©»*ftJKfciRtt5::*^efc'*-*. 
*©«8t»B\ N-^/v©«45t^lS^5rffi;®i- •S^cfe, 

fr*»)'$Jx*. ««:*<s«i:«fc«» .<f>M&ttJi2 (o 

4 2) f4, *©±fcfc.5i»«]ia61^«»!WKS»* 
tu5 0 TSPfiStS i' (0 0 3) £ibflftWlM3 (0 8 

■1 ) . t ©m *mmi-z> tzt>>. m.2 pimm 2 (042) 

S25*U .TSMSttJtl (0 0 3) SrSttJ'f-'Sfcft 

Jfl (0.0 3) frb±M&W5 3 (M3) 0.8 1^i 
£*u£<, 3l2©eftjf 2 ,(0 4 2). ©2o©i£»4, Jfl 2 

©fl|M2 (0 7 1) --iy^^ h^rttio 

T-«ffcS8R$*V5. w©SS2_'©iaMMiM2 (0 7 1) 

M2 (071.) ©i©/w^^/i'— Xii, T^cmetsi 

(.0,6.1.) r^©3^^ h5rfe#i-S©-C. SlT*)^. 
^;i»© l •ojo^w-fe y h©±^S^tu5 0 

KW*>**u-CJ:v\ tto-C v .ilo©jfe^©i»Jt^J||««r . 

otwii' 2:o©sgtgsr'-2o©#ms^ mn 
*>-?zzk mitss ■ys&mm 2 ©#*»k*2 "to-7' 

l.).tt> JliT*>ISl«-C.©*«fflSix5. ^5-C/^tix 
«s ^rtbtt, ^l©S©t^l (0 0 3) fi0!l2OS*i 
S=2. (0 4 2). tB^-rS^3©l£etB3 (0 4 0) © 
M**iT*»-J:.5*:»fc«i©K«Tttffl*nTJ:v^ r.Jx 

.^tftpji-5t> «sj§©fitt*fi«i-i.fcft, mwsi 

(0 6 1) f4»tt«';2. (0 4 2) —Sfr^^H. 
2 (0 7 1) tt«fet^3 (0 4 0) »SS 
S3 (08 1-) ttttiftJI-l- (0 0 3) ^mfth£h>Z>„ 
/U _-/ Tf4s ^fl;^2 (0 7-1) ttsv^^ H^Sr/< 
f Sets 2 (0 4 2) ©*s/ 

hi.s^Sr-^NffcSNK-*-*. 1>* S ^^ *«■ l (0 6 

1) »«IW2 ; (071) ©atgSrS^LT, 

Sr. **V-en«fiJi3 (0 4 0) RO!fiai2 (0 4 

2) — HtT*>i-5r i bfimvhZ, ?¥oT x S/h-t/v 
/^JSt 0 y^©4"re; 3o©i£taS^3r?©^m^:S® 

-ir.0^0-lr^l^2W^^:tC.»av-^*-y* — 



^H5#f^?, Z 4r8r, 1-6,3 .3"«: 1 ± L 



& ffl 2002-353346 (P2002-353346A) 



(10) 



17 

/vy— b&K£&i>' , J =>V1 4 32* , EI5. 1(b) "C^; 
$*i-5J:5^ B<D^>yi?V&mi (16 1) iffi}T*> 

*l©«tt*:{S«i-afc»t), (M2) 17 1 *S-ts6ffi 

Ld>U afT*>IK^-e»i, 1215. 2 (c) Xts* 
^^■5<t5tC. E^^HT^JSl (Ml) 161fc3V 
ft \*1rZ>CGffi(D^yi?$;&m.-r : btztb, M2 17 

2 fc<£/B£ft5o M2#jif4, h/t'Tffig 1 5 
1 cDJlfflfc/v-^U JWBl'5'ltt, it^fs/hi^lO 

3 SrJRf *H B .2(d) <D&JR 3 181 ^JMfc-f 
•5, M2 1' 71 (OA — 7'ttPSi"5-fer^<7)«tiODlf y h 

b*WimirZ><DX, ^S©t' 

* KUfcCvfey Mi, -SUWoJIJT-fe'KJjEoE^TXtt* 
— <0fc«)^JSl.i^Jpi2©ttE«6S:^mU &JR1 
ix, ^«2dSbvhn-/vy-hi^taiT*>^tvT, ^ 
[0 0 18] *»M©JB3«?SUt»IBfc*JU^T» 

— /vy— Hj&w^cD ^{s^-rsfcfc-c 

Xf4, ■fe;vo^-/t$ixfcty7V-iS < 



JB2 (2 7 1) tOM©^** MKJI2 5 1 \z£i 

I^h7^?2 12W^t$)5i:f(i > — = 
V hd- ha& h7V^# 2 1 2#, 2o©t 

h7V^^2 i l wFflfc'CitB^-H^e^a, — M<r> 

(HI 8. 1 (a)). 08. 1 (a) &tfEI8. 2 
(d) -T^£*x3«fc5K, 2-OC03V hn-/uy— h 2 
1 2roF B ^0't 1 jte:3^^^ 1- 2 5 4 14, &JBM3 (2.8 
1) CD4 3 T?Sttt?fe-5^-l' y^y ho— bWt~-<T> 
=. V K b -yl~7*- h £ ft 5 0 - h 

mn by <DWi<DUWtmm*. &jrmi (2 6 

• i) tiot^.'^fti'MypyM-;^- h«£T 

*> 2 5 2©ft©«^J»J^ttte$SKS;h,5 (HI 8. 1 
(b) ) „ H»r±» (2 7 1) 

h £*vCT#©&JR 1 (2 6 1) ~>4feR3*lS. -^iv 

y-Fa.^^ h 2 5 4©iHiaSr/v— ^-rSfci^T'feS 
(HI 8. 2 (c) ) „ t£oT, t7*7V-Slffl©lo© 
3iyS?"X?tt; ^Scot's/ haiR^- Ky^frif TM2 

«iRtj«=i->^-h b -/uy— fasvgfr*> t*TM 3 m 



WWP^bixS. EI8. 1 (a) &t/BI9'Cr±» 
E«K JbMt 5 t' y bWM&.V— ' h2 1 1 &^=> yfD- 
/l-/- ha^y- h 2 1 2<DMMMffi(OM*7rrt<, HI 7 
A~H 7 E»tJ«H 8 . 1 (a) ^W^^>h. t7"7l/ 

b2i n±T\/—\zmh55:< mfrfrs ^>bo—;u 
y- Ka^y- k 2 i 2i4, 7i/-!ii>bixf y h^a. 

B-/ixy-KDiffi5rSS^Tfei3g$tu5 (EI9A) . bTy: 
hte«fcffi5i2 0 4SU ! ^5''H1R K7V^^2 1 1 
tt, tT'71'- ©WW-eSESfcKttfeixS. M1-7V 
^^tt, I- yyf,7-< ^ I'-v'a Vi:J:c.TfflI 
frbftMZinZ (EI7ESU ! EI8. 1 (a) ) . t'y h 
a^y- F2 1 1 »4, S£3ft$tvfct*s' h*£»fl«Sr««] 

5. t*y ha^ h9^^*y- K<OteWffl!l<Oji»^ 
tt, EI9 A-C^$n5<t5^, ffi«ti«i:^2 U"</u& 



f.- m C= V<? h^^«iai^T7 p -B-^S:^mb 

[0019] ^4<DHJfi?Kffi»i, &A<D±Jls<D$mmi$, 

3y^^h3 5 1 (Ct-oT^ 1 U"<7WD&J| (M 
1) 3 6 l^«S6$tb5 r^JSt'j/ Kj i:i*tf*tSttO 
^-f ^©tv— Eyyn:*sit5*iT*)*8tSr*-f (HI l 0 
C, EJ1 1. 1 (b) , &tfHll 2BSr#R8)- 0 #^bb 
v-y aV^yho — MS 3 4 2M^a->y = 
V!7- K>7*- hi^3 4 0 (4, W-Cfc 0 , t'y h 

Mi|3:6 1ti^l.TV^' (Ell 2). 

h#SS^vy b vt&«i©ra§r = h£*2>' 
Mili/.lla^yKi'lWISW (Ell OA 
•^C) o :©#gfi->!) =V^s/ K3 4 3f±, m<OmM 

JeS$H5-. aVhu-ypvT*- (.3 4 2SrSlT*>i-5fc^ 
»-f4^SM2' 3 7 l#<£ffl$n (Ell 1. 2 

• (c-) • ) • ; - »7— -~K-y— • re4»e-t£H , r&*'&'fc*M&f*& - 

JSM3 3--8 (011. 2 (d) ) o 17 
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. BMSc£WK:ltt#*u6 (mi l. 2 (c) ) . &JS2.K;tf 
&JR3£&JR^y^©¥#fcttV7 > U M2WM1 
-e^v-r-tsr t»dJ;o-C, ^-CCOq^ hn-zvy— h 
^ 3 4 2Mlo*5tW!7- h*y— hi^3 4 OSrlUCffi 
^©cf-ca^^^ K^-TS^riS-f^S (Ell 2 A) „ 

[0 0 2 0] 

■ coffigt«^3.oro^«fl^fr-t,-r.s*i*^ii«-r-5 0 

i:.-e2^SftI, (0;03, 0.4 2) f±, flSKWr 
fl^T*39> ^3©j£ftl (0 4 0) ttfl©2o 
©Jggtif t e^-TS (03) «, -tr/votl&tfS^fi, s 
BM*¥^lp]-e 1 o©ajm£:JS£iS:tt 5 r i £ plltglc 

»2 (0 4 2) -€-©Ji{Cfe5^«gp 6 1,(M1) 

^mm&K&matiz. rmm^LB 1 (00 3.)' tmh . 

. , ±OiSlM3 (0 8.1).t©ra^t5fc^ 312 
Offing 2(0-42>.^yh$ *Vv TM&in.m 1 ( 0 . 
0 3) SrSm^-5fcfe^fit$H-5„ fcfc; = V*>? 

t-Tas^Tasstte i(oo3) .a>fc_hgi3i*fme 3 

2) - ©,2 OOiffifi- f2-0'iSiM-2r (.0-7 %-) — -so- 

<Dmmmu2 (o 7 d genf*,. ptg-rsi?^©M;&£ 

' ns. l2©ftiM2 (0 7 1.) o;o/M/^^- 
^ttTasffigt^ 1/ (0 03) ^<»^-yW v*wmirz> 

S^tB2^^t?a^oTV>-5i:#, 2o©g#tJi<S:2 

hm2 (0 7i) mn-h&.®-?<o%-&.m£i%z 

3) RXf2 (0 4 2) ijS^i-S.^3©gtrtS3 (0 4 
• l-(0-6 -!•)• ( 0 -4^2r) ; - ^to*j $-^ ^ttt ; ' ~ 

uo7 ix ((o.i4i«Q.) ^I|^»**t^ 



5. A*— 7"tC*3l/>-C, ^mS2 (07.1) ft, =>V;?^ 

h«JI£/<^;*1-5;fc*K{£;B$ft; tfftJi 2 (0 4 
2) ©# y h **t*J«tr— IIKttKi-*. U>U *tt 

Jf;l (06 1) ©«iet^«®2 (0 7 1) ' 
ftLT> **LfejgmJS£, **b-eftttflJI 3 (0 4 0) 
&tf}gtag2 (0 4 2) ^KjT*>-r^r fct>»TtBT?fc 
S„ Sot, 3o<DSdT:®»i, S/hir/w/^JRtV-^© 

[0 0 2 1] 04~6.Sr#KUT, *^BJ<D^2©||J6 

[002 2J y<y j-^^yMONosi^eyt 

/W3u *H^?1F 6. 248, 6 3 3 B 1 T?fSt7fc.£;h,3 <t 
5»-LT^$^5 0 1a4-A^^$ix5 J; 5 t, 
^ty ;t.>w± 2 ocf s"fb$ti$;i 3 1 fc^tn 2 ^><D*f- 
y\Um!®L \ 3.1 tt, 1 00 17- K^-.t- 14 0, .&tj*¥ 

ft<Dy-xtitmm®&mz¥fr<D.¥-y h$twc x 10 3) • 

mmmzJ:.^.x&m&iv$« ayKp-/^- m 4 2 

I?, t' s/.HSttS: 1 .0 3 ?r*ffli-S-M© V l> v-jvtf 
-M42ti, .«^Sr'(SMi-Sfc.*li#^v'y 3^1;. 
4 3^^j*i-^.r tlCioT-^li^^tV-CiV^ ffilj 
> 1 4 2 §rili^.Lfc^, 1214 B OT-^^ U-v-a 

1 2 4$r^-f^SfcJ6, -SMIS'> !J =■ XSI 1- 2 4 - A 
^,5, 3 ^ h u -jvtf- h-SU'fetfi:^. 1 0-3 <D±K$LM 
X tenm $ ft 5 c & K ; El 4 AO DflFf.^ ^ ^ U 

El4BOT-Yyu-vr3>-M'ft:S.l 2 4Sr«i-fc* 

b «>±V>*&m&WfcM 1 -2 4 - A it. $^-y 

V h n— V 1 4 3fi; T©l£fc&-£;1.0. 3 *=>fem 

*Wi.::l6l»**v5. S£«ttt, \ Mm => v h n -/vy- h 1 
4 -2 ©T»-fc 19 ; f .TJ.^ ^ho-^y- h©±»c^$ 

[0 0 2 3 ],.EI4 B -C/fcFilSJ: 5 f y KtetfcH:^ 
(±. 7* h-rx^ l 9 3 Srt£/i! LTR.3t'$ix 

*..#*Sft->y =^'1 4 2S.05 1 4 3lt 0*Jxfi, 
laasSr^-fiR^tt-f^^y^v^ (R LE) 

>P0 4-j^Sfe*r, ONO (DTK*— 7V- n +fS«^a 7 ^ — 7V 



f|3 



00 8 10 r^^|l ^0*0 3 ) 



^#rt>#tb • M [#.*>$/4 j:S§^©:^jr> ^ -h ^%-*\!&i;!i:f^ 
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is? (CMP) \ =iy^^F^;V(OlP, 9>'9* z t 
y<D%^ SW^T^CMP«<, EMC 
tt, ^/fcLfct** hffimSfT^^^^ h 1 5 
yhD-;vy-F=iy^^M5 2^to 05. 1 

zil/9 9 h*— ;H 5 2RTf¥y h = >'9 9 /W 
5 1H £S<£tf;y hSS&U^:/ /l"?— h&<D± 

\zWfrtiZ>o El 5 . 1 (a) -C*£;fx5<fc M-, 
ffi^B^tbfc ^Fa h^y^^ h f± N El 5 . 

1 (b) \c7F£ti%mi <D&mi 6 1 t-^ic^^n 

il£;ft3o |gl<2&Jg^te. El 5 ." 2 (c) ^SitS 
± 5tc s '--W2<D4tmfl*- ?1 7 1 "C^-f 3 fcfc, 
tfj/h^y^^ H51 c7)j^il!)T*ia^$Kao E]*£ft 
? — K*ft't>«2<D&JR^Stt^£ix5o El 5. 

2 (d) T?^$ttS±5f-, ITy h3^#^-hf±, JK2 
<Z>£JR^ - s/ K&tf H? 2 'to Wt *— /ufc i o x«S Six, 

[0 0 2 5] El 6 Af*, El 5. 1 (a) (7)ifl"%E*^) 

h*W*>.E'JK<o"WrDBElT?*>o'T v EI6 BcofrSA- 
A' Sr^-f-i EI6Dtt; ^JB3ds^Sitfc^^3 yh 

[0 0 2 6] :(Di'5^ ^yfp V L*C 

— M 4 3©il<TK*5tfs'>ifiC»itttf3©4 

[0 0 2 7] *^PJ^3<DHJ£^tt, El7--9Sr# 

D-;vy- h^>v^V^>^0^@fi, try hii^y-. 

xm&ZtiZo H8. 1 (a) fi, hSrWjei, 
fc^c0 5 P®El : S:^i"o ayho-^y-h 3 ^*^ h2 

- h 2 1 1 tt, (OW{BH-B*^5 (El 7 
E-)-~ -fc-^tfe^ ( a ) — 

El 8. 1 (a) "OSSih/aJlS'fc, -^O^yhD-yV 



2^ 

5 3; 2 5 4. 2 5.3dS{i^tt*o a*?y— htt, if CO 

h 2 5 4lt ^3 Vhn— /uJft^SjRStt5o 3 ^ 
^^f 2 5 3<DP5ffl8tt:; ^^TU-3Vhn-/vy-h 

h^y^^Ml 3o^lIJ:Sffl UTffi^Stt^ 0 
;w^2 6 2Xtfn — #/V«8c2 6 1 **jg 1 (D&JR* L 
TH8. 1 (b) fciSSlv ^^y^yH»2 7 1iS» 
2<0&JR : t LTE18. 2 (c) l^T^ti; ^^^yh 
p— 8 i36SJB3 04feJRi LTEI-8. 2 .(d) fc* 

[0028] El 7 A, E17B, XVEI7Ctt, •=» V h * 

n ± y\ * r- s/ 5 #r SB Sr El 7 - A-"C» $ jft 

5*51-, I^Lfc^Av/y'=yl24-2/2 4 3 

y- Ky- h 2 4 oo±«i$^o 
4 3ft av^uyf-r^yu-^gy (sti) ffl^ 

2 0 '2TO±fc«#*U ^^BflgJr?* hu^* h^** 
Xli/^K-7^^ 2 9 0T^W e 3>-h 
p-;i/^^'KE«?riPTayhn-/^- h#^^-> 
Jlay^I*t5fc6^ilffl$}x5o iWM^^h 

d-/v^>2 4 2Sr#5^fe, wm&m&i/y ^><o 

mW.=-y7>'91fimft£ifo&. KtflR»fr2 0 3<o 
±tc:fc , ^#^^v'y ay^x^fy^iaot^^^ 
5 0 b*>U STIi^±0#^y3V2 4 3tt 
mW\-**9 2 9 0-e^^tt, 3V hn-;vy- h 3 V h 

1 0 0 2 9 ] SSty— h Sr-^tr «iaiZ«*:IB3fe Ufc^, 
!7— K^- hOM©E«S:^ai-S^:»IMb» 2 4 5 

ffl-fk $ tt 5 j S £ "Tig ^ 5 v y v itm <o 

y7\zm^x. v- h-m (mm) -**sfivy => v 

2 4 6'i>mm^fi^ 0 v- KElit ii^roy y^77 

— h#^|->l)'='y2 4 0 SrT-^©!7— Ytf — V WtitM 

IWbHocMP', =i>?? h<offln. f^fx 

=.> Kn-/i"7*— h3>*^ h 2 5 2#ff2j&£ix5. IS) 

Cli, 121 7 E<D=> V hn-;l<y- h a ^h 2 5 2© 
±5rA-A' ICftoT* y h L Bff 35 12 "C 

- f-e-o-a'cH-tfeai^iT^^ft^ ttr-a^i^y h 2 0 

4 i tV h«S51«ll£»2 0 6 t©Rak:m«Wai!K14Sr« 
ST I Srfl&fcUfcDHftU:* 1 E 1 5~2 E 1 
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5^ty/cm3©K-^Mift4 0 — 6 OKeV©x 

Sl^^tyy- h 2 1 OOT^N+tttSfO't'-eiS^^^ 
5 (0 9A) . 

[0 0 3 1 ] r©3yho-;H^2 12li > PS 

«tv\ P^*/v?iiW£ffl;*ix5i#, h 2 

v\, P^-r-^/V^icoA^mjEJi. '>4<HU^ 
fi£.®E. (V t). ©TT'foSo t>Up L#l/MK#- 1. 0 

t> Q Jv, <H-1.,.0V T?t£-tftlt£ t>t£\,\ L 

. hm*-?\-i. mm&v c g , ( s.~ 6 v) *m-rtz 

ft, =i V h n — /VtI^^-t h fi'>&'< HVcg+Vt 
• Sr^St-r^ (V s ub = Vc. g m^) „ ^Htt, 

. . 5 . 5 v *m-ttz#>\cm&:<y- h±xm.7~ 8 v 
< t h 4 0%J¥<,>^fldi©(£ffl£&firt;5 o z fo&ft<o 

[0 0 3 21.1218. 1. (a) trjoV-'-C, — StOziVha. 

■ ■■ 5 4 ^JBM-3 •• (2 8 1 ) >©>*i-?8ii:;?$>-.5 y -f y=i 

5 (0 8. 1 (a) Mt@8'. 2 (d) ) . ayhP- 
H b 7 * roteroffitic^Wfix &JRM 1 
(26 1) fcioT, ^S->!i3ypyhD-;vy- 

h»ft-*>2 5 2<Dm<Di%^mmmzi&mzftz>_m8. 

1 (b) ) . y^Vt*-;/ VM&&Wi'2 (2 7 1) O^Sr 

O^ll (2 6 1) —^$ix2>„ -frttft. y-fyr>V 
l-D-;l/y- h 2 5 4<S>J^B£vv— t* 

y KffiiT*>&^J*-t-3*:«>-Cfc* (08. 2 (c) ) „ 
lot, i^^'/'u-SFB^iocDacyvJ-efi, 

- hiliR/gff-t>fc*7M3;dS,.Ml 
«ft s- 5 fc «> fc . 1 t>*T I'-m&X'&m £ iv 

- [ © 0- 3- 3 ]" *B^fN'; -2-4:-&T-t6--3-.3-EBri^ ^ <( >- 
V >r—y a t0»9 -C "'it so - ■ 
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/<^JS2Sra-5 t'j/ hj&jtft^BL [1] ft, fyH 
Kh7>'v ? ^^roioO{l!) (fj/hilURl) 

(t's/hsi^o) ^^$-tL^ 0 y-^^iiBL . 

[0] #!2il^$tl5„ •2 0Wt' S ' hoglR (-7V 

BL [1] *»fe©lfy hfg-§-»4y W V-fe^SrxS 
otBL [0] —ii-r?)., CG [1] 

io =v hPTT^.y- hft-§-fi, 3yhn-;v^-hh 7 y 
•^fOKKyCG [1].^ITU il^h^V-v 5 ^. 

© t* h 31^ h7y-^^ <DT$<D 3 v h n — V — 

[0-0 3.4-l-l3 9B.fi, iMtJlfc3y:5!n25 6 

tt, ^^y-^ittfe'-ttSS^So 3 V^,^ F25 

3 <D&m&£t% * J y^K*- v—' 1 ''?— bM2 8 lfa 
b<D=>y Kn-zV^T h{f#«, j!^^- b 2. 1 3 

«®$.tbfc: t*T 2 5 6.£iio-C, y— ^. 
Ht»2 5 6^\%mZ*lZ>o 

[0 0 3 5J *¥£w<pm4<DmMr*mK*=\,)x. 
.. wafrfe^am, ^^#js*b#i^w^o 9/8 1 

^^4.0.s.<»l>'2^'-g*^^.0i9^^ ,. 

- ■•■ ^flBf*,'-EI 1' Q'^*?-^W&^®&rtz':- ■ • ' 
[0036] s'-f y-MONp s y y $^©i©7 
Ia?|J^c:*5^^T,.•^7— W— .yRXf^is h /uy— h 
Sr, ¥fT^2.o<D^.jR^»fr*>i-?.*fe^5i^$j x 

ay (ST I) i^©iCwy[-n-;^-h3y^^ 

hEJ^3 4 3 tt, BOHffy.d- h 1^-^ h^fi^^— K-^* 
-^l^.fiTEOSgE'fbgT-S^So (BIS#^ 

40 p-;^-7> 3 4 2fi, 7— K-Jf— ;h 3.40 <D{B!Jffl©± 
f-^$iT;5. L*»U #^S->Ji-=y 3 4.3(i, 010 

at?^^^5J; 5»-, mm-?*?:3 9 lf-«to-C«^$ 
• ^i-^fc^, M©CMOsy- Mi^/65ig<. 

01 0 BT?/T$^5-i 9fC, fSSy- HOfc*b<D{l!l|i^ 

jh&stt^ttjjjpy- hiwiissim^^— y- 

• ^d'p sy ho -HrtH5« — Hf4 47P«n , m , ±-*)-^M<-- - ■ ■ 
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SCOT?. ^yfcmV)*^— =.>hn-yuy-h# 

* h 3 5 1 STMn-r-sra, =11"? 9 b*— jvitfyitm 

JBttSMfcJB<E>R fE©R9, •fcQtev^s^^i'- h£ 
^-TS^bX-foSo =■>- ho- A"**— H=> h 3 5 

4 3co±li^btb-5o 17— Ki^^ h 3 5 S&tffc* 
y V =■ is? * h 3 5 1 fc^^ixS. tf y hiUfigi 1 © 
&M3 6 l»rJ;cTi£i^$n (Ell OC&tfHl 1. 1 io 

(b) ) . ^Xf n— /vy— hfi^2W^S3 7 1 {i<t 
^■xmti^K (Hi 1. 2 (c) ) „ !7-K*ttff3 
©&JS3 8 1 ICjtoTTStt-^^tuS (Hi 1. 2 

(d) ) . . 

[0 0 3 7] coir/vcotifcfi, 3 V* ? f- 3 5 1 \c 
±otI 1 ^/VC^S (M 1 ) "3 6 1 
(Bl-OC/Sl 1'. 1 (b) ,&tfHl 2B) . 

= V!7rKy- Ki3 4 0ll - ffiEfcWCfc 9, ..' 
H^lii3 6 1ICiXt5 (Hi 2 A) „'-&JRM2 3 zo 
7 1 = h n-;vy- H 3 4 2 SrifcjT^afcfcfctt 
ffl&K' (Hi 1. • 2 .(c) ) \ &JRM3 3 8 1 li?- 
YV— F3 4 0 «rW*ri^«.fc»fc4WH (H 1 

1. 2 (d) ) o V— Yf— hay^^ > 3 5 : 5tt, 17 

- K •= * K E® «r*»*.3 fc* 3 > h d -jv? 

- bM2m*$-y b U ^JS irt-C^-T'-r-SitlcJ; 
oTf^!>m$'H'*:H!»cfflMK:«*»ix5 (ill. 2 

' . ( c ) ■ ) ■ j : &JS 2 At«fe« 3 ©l&Srt&JR tT y t<0¥&i£ 

.^T03y-h'D-^-'bi'-3' : 4'-2 : M i r'Ojo^©-y- 30 

rfc*s-e#'6- (H i 2 a) o 

[0 0 3 8] ^coHJS^CO^lHlSSHf*, H12DK 

[0 0 3 9] 2MSWW\ */J^MEi»trj/^-k:J:or«| 40 
PS^HS-fe^f-WXco^-C, 3o<0?Sffi^Sr3oco{g: 

[0 0 4 0] #389!M\ »*UV^fl0»»4r*IHUT* 

#i$KH^&u f fft91$:h,fc©-e, *&w<Dm 

5 5. so 
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[H 1 A] t¥*ftWco^^^MONOS^-ey^^co»r 
[HI B] HI C£0€fffilHlKH'-C*)4. 

[H i c]. 3^*^ hxtteJMB»*»fift"*-aiitr©3'-<' 

yMONO S T U— ©¥®HT*fc5<, 
[H2] 3W8W©JB3 0SlltJKtt»CtieoT. »tt!7-K 

[H3] ]*»W©*-l*©*lft^|filct6o-Cv ft/hfyf 
rtT? 3 o©J»imiS:tfffl LT'3 ocogSteSrSiT^i-?. 
^-a-co3^7ccoH-e*j5c ' 
[H 4 A] *^C0^2 cDHISff^^«eoT, 2oc0ffi!) 
MFMrHl— oo v h ti~,vJf- — mt U 
— flefls $ >> h D - vvy- F^S-yy^y^xy 
fymit-srttt-pTfs' h hE^Sr 
^t-«^<7>»fffiH-efc5. • 

[H4 B ]• *&W<om 2 ©im^tC^o-C, 2 OCOfiiJ 
[H4C] **W©»2©SQS»lBH:«o--C, 2oco(l!l 

.— *ft§ji-fc3 : y>ti- F^teftyy n^-sr^j/ 

-«v[.H?5^v'-l'T]^HfS^sfe^^ 
}d it T # feixtc>^- y T- l^-coqzffiHTfc !9\ H 5v 
r ' tffl «W H-5-V -"i ' ( a )^Wl'»^'HfT 5rMa ti ' 

[05. 2] H5. 2 (c) tt, H5: 1 (a) <D±m 
2Sr0fifeb^© 5 FSH-efc!J, 615. .2 (d) ft, H 
5. 1 (a) ©AJR'3*r»*Lfc«OSpffiH-C?*<5. 
[ H 6 A ] 05. 1 (a) -©*fTt)E«Sra7V:Uft.¥ffi 
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